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Every day sees some new use 
for ENDURO, Republic’s Per- 


fected Stainless Steel » » » 


It is an ideal material for annealing boxes and pots, being light 


weight and longer lasting than the cast iron type it is now repla 


The Wm. B. Pollock Co., Youngstown, Ohio finds Re; 
ENDURO AA just the right alloy for large annealing boxes. | 


illustration shows the first ones made from this material. 


The Columbiana Boiler Company, Columbiana, Ohiouses Re} 
ENDURO KA2-B for pots suitable for annealing wire, strij 
small forgings. These alloy pots can be made up to specificat 


in any size and shape, with or without center flues. 


Whether you make pots and boxes or use them in your every 
operation, it will pay you to look into the possibilities of Rep 


ENDURO. Its longer life in high heat service will amaze you 


Details on request. Just outline your conditions of 


service for the guidance of our metallurgical staff 
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Timken Open Hearth Steels 


For Every Purpose 


The name of The Timken Steel and 
Tube Company is closely associated 
with the production both of electric 
furnace steels and open hearth steels 
for every purpose. 


Timken open hearth facilities are of 
the most modern and complete char- 
acter, assuring the discriminating 
buyer high and uniform quality in 
any required tonnage. Timken open 
hearth steels are manufactured under 


the same rigid system of quality cor 
trol as Timken electric furnace steels 


They can be supplied in practically 
any grade of alloy steel and in some 
varieties of carbon. 


If you use open hearth steel it 
pay you to get in touch with us! 
Timken metallurgists will aid you in 
the selection of the right steel 
special requirements. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, _ 


Detroit Chicago 


New York 


Los Angeles 


TIMKEN 


Electric Furnace and Open Hearth: 
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N these two words is summed up the reception 
accorded the new Riehle Precision Hydraulic 
Universal Testing Machine at the A. 8S. T. M. Con- 
vention held in Chicago the latter part of June. 
e Convenient, speedy, accurate, of wide utility, dur- 
able, and beautiful—such a combination of superior 
features has never before been incorporated in any 


universal testing machine. e A few temporary 


booklets describing this machine are available for 





distribution. Write for your copy now. 


RiIEHLE BROS. TESTING MACHINE CO. 
1424 NORTH NINTH STREET PHILADELPHIA, PA. 
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<EFRIGERATION 
NITS 


require quality metals 








yoo. materials of construction and 
fabrication processes have had an im- 
portant part in the rapid development of 


refrigeration or refrigeration units 


domestte 
stalled in homes and stores. Units in ques 
m and described in this article are relatively 
small in size, requiring electric motors varving 
ipacity from 0.1 to 2 hp. 
lo understand the parts and principles in- 
ed, a typical evele will be described, naming 
irious parts of the equipment. The prin- 
ple involved is the same as_ utilized by 
hanical refrigeration in = vears) past, and 
pends upon the change in state from liquid 
ipor of a chemical substance with a low 
ling point. It is well known that when a 
d boils, or even evaporates, a definite 
int of heat is absorbed per unit of weight in 
der to change the liquid to a vapor. For in- 
ce, heat is required to change water to 
m; this heat passed from the hot fire box 
ugh the boiler into the water. 
Refrigerants most commonly used in do- 
‘tic units are sulphur dioxide and methyl 
ride. These liquids have boiling points of 


oe and 10 F 


inside a tank (corresponding to a “boiler”) 


respectively. They evapo- 


in the refrigerator case, and to do so heat 


S from the warmer air in the refrigerator 
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to the chemical. If these chemicals were cheap 
enough and their vapors unobjectionable, it 
would only be necessary to allow the liquid to 
evaporate from suitable containers in the re 
frigerator and permit the vapor to escape into 
the air. However, this is neither practical nor 
desirable, and it is necessary to provide a re 
ceiver to recover the refrigerant vapor, a com 
pressor, and a condenser to liquefy it; it) is 
therefore returned to be evaporated over and 
over again in an unending number of evecles 
The evaporator, commonly called the coil 
or cooling unit, is located within the refrigerator 
cabinet. In it, the liquid refrigerant changes 
info a vapor, thereby extracting heat from the 
refrigerator, the food in the refrigerator, or the 


water in the ice trays, and the temperature 


therefore is lowered to a point where the heat 
coming through the walls of the cabinet or from 
inrush of warm outside air when a door ts 
opened just balances the amount extracted by 
the vaporizing refrigerant \s the vapor a 
cumulates, the pressure in the evaporator in 
creases; at a certain point the compressor is 
automatically started. It pumps out the vapor 
through valves in its pistons, thereby compres 
sing and forcing it into the condenser Pres 
sure in the condenser is built up to a point 


where a relatively small degree of cooling will 














Waminum Tray, After Anodt¢ 


Treatment, Resists Corrosion for 140 


Days. Same tray, not treated, shows first sign of attack in three days 








cause the Vapor to re liquefy. Condenser cool- 
ing is either by a trickle of water or an air 
stream, and under these conditions of in- 
creased pressure and lowered temperature the 
vapor is changed to a liquid. Heat liberated 
when the vapor changes to a liquid (the equiva- 
lent to that absorbed from the refrigerator in 
the opposite change in state) is removed by the 
cooling air or water. 

Liquid so formed in the condenser runs into 
the receiver from which it is delivered to the 
evaporator as required. In one common system 
the evaporator has a needle valve and float 
which keep the liquid at a constant height, 
opening the valve when the level is lowered, 
permitting the liquid to flow in from the re- 
ceiver, and closing the valve when the required 
level is attained. 

In no article of manufacture is the corro- 
sion resistance of various parts more important 
than in the production of domestic refrigeration 
equipment, since the refrigerator is always 
many degrees lower in temperature than the 
surrounding atmosphere, and the cabinets are 
in use in all sorts of localities from the arctics 
to the equator, in areas of low and high humid- 
itv. They must resist the action of humidity and 
salt air, as well as vegetable extracts. Suitable 


metals must be used in the construction of the 


40 


mechanical units to withstand the = actio 
various refrigerants together with the = s 
amounts of moisture and air which occur as 
avoidable impurities in mass production 
Ingenious tests of many kinds have 
developed to assure the attainment of thes 
results. Metals and other construction | 
rials must be tried for extended periods ot | 
and under various conditions of heat and pres 
sure in contact with the different refrigerants 
and lubricants in the presence ol possible 
purities. Cabinet parts subject to corrosior 
moisture and salt air are tested in salt s] 
cabinets and in humidity cabinets or rooms 
equipped with  coole 


Humidity rooms are 


plates on which the parts are placed so | 
moisture forms and condenses on the very 
face under test. Moisture forming at this p 
exerts its most corrosive action and shows 
porosity and other defects; therefore, the q 
itv of paints, varnishes, lacquers, electropla! 
and other metal finishes is quickly ascerta! 
Of course, these accelerated tests must be 
pared with the results of long-time tests un 
actual operating conditions in the custom 
home or store. 

lo indicate how this continual progran 
testing has influenced the design of cert 


parts, consider the trays for freezing ice cul 
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ry important accessory of the domestic 
itor was formerly made of tinned cop- 
he earliest types were folded and hot 
the the 


The grids were also made of cop- 


Later drawn tray replaced 
(rays. 
ces joined by staking and hot tinning. 

the present time most ice trays and grids 
ide of aluminum. The metal is given a 
e or oxidized surface by dipping in nitric 
The 


dicates the comparative appearance of a 


v by an anodic treatment. illustra- 
if these trays after 110-day exposure to 


R onditions. One was anodically treated; 


ther was not. First signs of corrosion ap- 
ed in the untreated tray in three days. 
lrav fronts are made of brass with a nickel 
d chromium plate or of aluminum. Rubber 
vs are now being supplied to replace part of 
metal travs. Cubes can be easily removed 
i) flexible trays without the necessity of melt- 


some of the ice with warm water from a tap. 


Improv ed Copper and Brass Parts 


\ detailed discussion of the evaporator will 


dicate another wav in which metallurgical 
ials and processes have been improved to 

eet the exacting demands of modern retrigera 
onstruction. As before indicated, the evapo- 
the 


the heat 


r is a which liquid 


compartment in 
serant is changed into vapor by 


racted from the refrigerator atmosphere 


ad contents. There are THRGanaN tvpes in use, cl 


the 


service required. 


dent on ideas of the various designers 


asthe Perhaps the most 
monly used are of the shell and tube type 
Shell and tubs evaporators consist of seam- 
drawn brass shells, pierced for the tube 
ectlons; copper or brass tubes are sold red 
the pierced holes. Their manufacture is a 


ly developed process which has been 


rked out by the brass manufacturers and in 


des the close control of analysis and heat 
ment. Brass shells are an alpha brass (an 
lent) corrosion-resistant material) of ap- 


imately 66 copper, lead below 0.2 and 


balance zine. Drawing operations are care- 
followed by proper annealing, the grain is 
axed, and the grain size is closely con- 
led. Relief annealing is carefully done to 


ve internal stresses and to prevent season 





crack 
dete! 


Final material is 


‘mined by use of 


condition of the 


King, 
tests for season cracking 


pping in mercurous nitrate solution. 


Copper tubes were formerly soldered into 


these 


but « 


‘ brass shells with a 50-50 tin-lead solder, 


lue to the fact that this solder deteriorates 


in use, the modern practice uses a silver solder 


whic 
sola 


eithe 


shell 
mecl 
jomnt 
State 
dem 


ered 


h has a low melting point. This high-silvet 


‘'rois even more corrosion resistant than 


I brass or copper, 


Phe hole which is pierced in the brass boiler 


is finished by drawing down a fillet, which 
manically strengthens the silver soldered 
. Tensile tests, in which the boiler is held 
mary and the load applied to the tube, 
mstrate the superiority of the silver sold 
joint: a tube fixed bby a soft-soldered joint 


will pull out of the boiler, while the failure takes 


place 


rator to form the closure and to support the float 
ball which controls the entrance of refrigerant, 
is made of a brass forging an allov of about 
00) copper, 2 lead, and the balance zin 
These forgings must be carefully made to be 
free of laps and cold shuts, and properly han 
dled to insure machineability No brass cast 
ings are used, as such, on account of then 
liability to leak 

Another popular type of evaporator is made 
with copper or brass fins soldered on the tubes 
the finished assembly is then given a= heavy 
coat of tin in an electro-tin bath Phis tin is so 
thick it can be whittled with a knife 

Some domestic retrigerators use a chilled 
brine solution to carry heat out of the containe 
in this wav copying one successful variety of 
mechanical refrigeration Brine tank types of 
“ vaporators” have the shell and tubes cnclosed 


1h} thre COppr r tube if silvel solder IS LIN a 


Phe header, which is placed in the evapo 


ina tinned copper tank which is then filled with 


a calcium 


olye 


from 
( Vap 


lhe. 


using 


fabri 


and two cover coats of 


( vap 


vias 


chloride brine, alcohol, glycerine, o1 


| non-freezing solution 


Porcelain-covered evaporators are mad 


enameling iron. Formed parts for these 


orator shells are fastened together by weld 
atmosphere 


After 


or by brazing in a hvdrogen 


copper as the brazing material 


cont 


‘ait sé 


cation thev are finished in a ground 


vitreous enamel! 
orators mav contain the refrigerant only or 
“hold-over solution 


include a brine or 








Various types of cast evaporators are also 
in use. These evaporators are generally made 
of aluminum with passages for the refrigerant 
cast in place. The mass of metal acts as a hold- 
over or storage of energy; a mass of cold metal 
is available to promote the freezing of ice cubes. 
In the types of evaporators where mass is not 
relied upon for energy storage, the same effect 
is Obtained either by a congealing solution 
where latent heat is utilized, by a non-freezing 
solution where specific heat is used, or by a 
storage of refrigerant where latent heat is used. 

Wherever it is necessary to use means to 
attach the evaporator to the inside of the food 
compartment, non-ferrous materials are re- 
quired on account of non-rusting characteris- 
tics. For this purpose such alloys as copper- 
nickel, copper - silicon - manganese, copper - 
silicon-tin, brass, and bronze are utilized. It is 
worthy of remark that we found early in the 
use of bolts for fastening, that the torsional 
properties must be considered equally with the 
tensile properties, since the former have an im- 
portant bearing on the strength of a bolt. Mate- 
rials may have the same tensile strength and vet 
be entirely different in strength when used as 
bolts, because their torsional properties are 
widely different. Figures for this additional 
property of materials are not as commonly 
available as the corresponding tensile proper- 
ties, and this information is best secured by in- 


dividual tests on the material in question. 
Tubing and Joints 


Connecting lines, evaporator to condenser 
and return, are generally made of seamless 
drawn copper tubing fastened to fittings by flare 
nuts which are described below. 

Tubing first used was of the kind supplied 
for gasoline lines on automobiles. It was soon 
found that this quality was unsuitable. It was 
full of seams, fins, and corrosion products, and 
flares could not be formed. Specifications have 
therefore become more and more rigid and 
manufacturers of copper tube have done a won- 
derful job in developing the quality of their 
product. Annealing operations are carefully 
controlled so as to produce equi-axed grain 
structures of required size for proper bending 


without collapsing, and for forming around 


small radii. Grain size control also r ts 


a great decrease in the number of fail du 
to vibration. 

The tubing is plug drawn; it is clk = 
and smooth inside and is delivered to re. 


frigerator manufacturers with the ends led 


to prevent contamination. This copper 


has a tensile strength of about 33,000 per 
sq.in., an elongation of 45°¢ in 2 in. hy 


draulic strength depends upon the size, 











ittaching Copper Tubes to Brass Evaporator § 
With Silver Solder 





lows: 'y In., 15,000 Ib. per sq.in.; “sy in. 6,000 1 


per sq.in.; '» in. diameter, 5,000 Ib. per sq 


/ 


Flare nuts are very interesting articl 
manufacture. They are made of a brass 
sisting of 63°. copper, 1.75‘. lead, and 
balance zinc. These nuts are either hot forged 
or made on cold heading machines (similat 
the equipment used in the manufacture 
bolts). These nuts must be properly mad 
designed so that they are not” suflich 
strained by tightening to season crack lat 

Formerly, these nuts were made of | 
gonal bar brass, but a great amount of diff 
was experienced with cracking due to s¢ 
stock. The forged nut has corrected this 
ficulty and millions of these flare nuts at 
service without failure. However, a vast am 
of work has been done on the design, study, 


test of flared joints; the special vibratory 
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shown in the view on page 44, has 


n ne, 
becn built and operated over several years. As 
a iit of this work, it is known that flare joints 
will greatly outlast the life of the equipment. 
H sulic tests of completed units show that 
t] have a factor of safety of eight or ten. 

lhe compressor is the next unit in the cycle 
S is receives the vapor from the evaporator 
4 compresses it into the condenser. Many 
rials are used in its construction, depend- 


used in increasing numbers. An interesting de- 
velopment is the small pistons made from seam- 
less drawn tubing with the heads welded in. 
Flapper valves require an extremely fine 
quality of steel. It is generally high carbon 
steel of Swedish origin, properly tempered and 
finished with a smooth unpitted surface. 
Selection of gasket material depends upon 
the refrigerant used and the service required. 


Lead, solder, tin-lead-antimony, copper, alu 











Silver Solder Joints in 


a Corrosion Test Which Disintegrates Soft Solder Rapidly 


wey 
; 











upon the tvpe. Among the commonly used 
materials may be mentioned gray iron castings 
for the crankcase, evlinder, evlinder head, con- 
ecting rods, and pistons. It must be a dense, 
strong, wear-resisting material, easily machine- 
ble, and free from blow-holes and porosity. 
‘ isting conditions should be such as to secure 
all graphite flakes with a pearlitic matrix; 
e analysis used is that of a high grade auto- 
obile evlinder iron. 
Many forgings are also used for various 
irts, generally made from S.A.E. 1020, 1035, 
d 1045 steels. 


ds are made either from 1035 or 1045 steel, 


Crank shafts and connecting 


it treated to the proper hardness for the serv- 
required. Unforged straight shafts are made 
m 1020 steel, or from free machining medium 
inganese steel, carburized and heat treated. 


Heat treated steel castings are also being 
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minum, impregnated paper, and asbestos afford 
a large range of satisfactory materials. 

Bearing requirements are met by the usual 
metals with best practice in design and limita 
tion of bearing pressures. Cast iron on cast iron 
is used in slow speed compressors; hardened 
carburized steel or high carbon steel is used on 
steel, cast iron, babbitt, bronze, or “durex” undet 
varving conditions of service. 

Durex is an interesting material made from 
powdered metals and graphite, formed, sin 
tered, sized, and impregnated with lubricants 
of various types for different usages. The ma 
terial is porous, soaking up like a wick from 20 
to 25‘. of its volume of oil. 

The condenser receives the hot COMPPresst dl 
gas from the compressor, cools it and converts 
it into liquid. 


The earliest condensers were made of long 
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Vachine for Testing Copper Tubing Under Vibra 
tion. Lower plate moves ‘s in. off center 1,750 
fimes a minute; upper plate is stationary. Tubing 
is under air pressure and time of failure is noted 


on recorder gage in backqround 





Portion of Chemical Research Laboratory, Frigid 
aire Corporation, Dayton, Ohto, Where Leta 
Resisting Porcelain Was Developed. It contains 


grinding equipment, spray booth and ovens 








44 


lengths of seamless copper tubing from 
the heat of compression was removed by 
tion. Next in the development was th 
shorter coils cooled by air from a fan ( 
cooled systems) or by water. The next s 
condenser manufacture was made by ap) 
copper or steel fins to the copper tubing 
fins were wound or formed in various way 
usually bonded in place by dipping th 
blage in molten solder. 

These developments have led to the 


ator type of condenser, which includes a d 


formed from sheet copper, drawn assembled 


and dip soldered. 

The receiver the reservoir or res 
tank which receives the liquid refrigerant 
the condenser and stores it until required 
the evaporator is usually made of s 
formed and welded in such a manner as | 


free of seale. 
Special Metals in the Controls 


Automatic refrigeration has developed 
large number of controls for various purpos 
Expansion valves, high and low side f) 
valves, thermostat and low pressure cont: 
all require the selection of proper mater 
with corresponding physical properties 
corrosion resistance dependent on the refi 
ant used and the service encountered. 

In the production of these controls the us 


| 


of metallic bellows is required. Great. strid 


have been made by the manufacture of thes 


ingenious devices. They require highest n 
chanical and metallurgical skill, for thes 
severely formed parts must go through milli 
ol evcles under varving pressures withe 
fatigue. Ample evidence of the success of the 
endeavors is found in the millions of devices 
use In domestic refrigerators. 

hese controls require the use of springs 
many kinds, and the accuracy of the cont 
depends upon the spring maintaining its « 
bration under various conditions of use. %S 
springs also must meet changes of temperat 
and corrosive conditions. Circumstances s 
rounding the use determine whether it shall 
made of steel or non-ferrous metal. Music w 
coiled and oil tempered, monel, phosp! 


bronze, and lately stainless steel are examp 


METAL PROGRE 








terials used. This service requires the 
st development of the spring maker's art. 
Jeedle valves and seats used for regulating 
s, such as expansion and float types, are 
of selected materials. Monel and stainless 
ire most commonly used as needles. Brass, 
e, and steel form the seat materials, since 


itter must be softer than the needles. 


Cabinets 


Lastly we come to the cabinets. It is last 

e, but like the finish and color on an auto- 
bile, the first to catch the eve of the day-by- 
dav user. The cabinet must be properly made 
d correctly insulated. The service is severe, 
ce the inside temperature is held at 40° F 
to OO F. 


ce is frozen, is as low as 20) F. 


while the coil temperature, where the 


The cabinet consists of a food compart- 
nt (generally porcelain’ lined) and a 
supporting frame of wood, or the food com- 
partment may be combined with the construc- 
tion of the outside of the cabinet, in) which 
case the latter is of steel. The finish of the 

iter shell determines the construction. Insula- 
occupies the space between the food com- 
partment lining and the outer shell, and must 
be thoroughly protected, waterproofed and 
sealed to prevent moisture from condensing in- 
side, destroving the insulating properties and 
starting the growth of mold. 

Food compartment linings are ordinarily 
ide of enameling iron coated with vitreous 
orcelain enamel. Recent developments in the 
reelain enamel industry have made _ possible 

production of food compartment linings in 
d-resisting enamel which avoid the = stains 

d dissatisfaction resulting from = the spilled 

lk or fruit juices on the porcelain. While the 

sent types are not acidproof, they are highly 

d resisting and will not be affected even hy 

action of a cut lemon Iving on the surface. 

Food shelves are made of steel heavily 
tted with tin. While this finish is not abso- 
tely rustproof, vet with suitable control tests 
salt spray and humidity rooms, it is possibl 
obtain very satisfactory shelves. In the dry 
nosphere of the food compartment a_tin- 
ited tray has very little tendency to rust. 


h experimental work has been done on rust- 





resistant materials for shelves, but so far the 
results have not warranted a change 

Materials used for the outside shell of the 
cabinet depend on whether it is finished in pot 
celain or in lacquer. If the former, the material 
used is enameling iron; if the latter, furniture 
steel. The porcelain-finished cabinet is finished 
with one coat of ground and two coats of whit 
vitreous enamel. Tests and experience in hot 
humid sections have demonstrated that only the 
porcelain enamel finish will stand up over a 
period of vears. What the life of the lacquet 
finished cabinet will be is vet to be determined 

The design of cabinet in many cases deter 
mines whether it shall be finished in porcelain 
or lacquer. Complicated shells cannot be fin 
ished in porcelain on account of warpage dut 
ing firing. The two finishes require radical dif 
ferences in design of cabinet. 

Hardware used on cabinets is) generally 
made of brass either formed by stamping or 
forging. The best finish known today is a good 
deposit of nickel followed 1 chromium, 

Enough has been said to indicate that the 
materials used for the construction of domestic 
refrigerators must be of the proper kind and 
quality, the units must be carefully fabricated 
and tested to see that they will perform satis 
factorily under all extremes of temperature 
in fact, practically all materials, processes, and 
tests must be under scientific control 

In conclusion, it must be said that much 
emphasis must be applied to research, not only 
on the methods in present use, but on the future 


developments in the use of refrigeration 


Best Lacquer and Standard Frigidaire Porc 





tL mparattve Test. \ffer 6 months itn a humid fi 

porce lain enameled pane l shows n Siqiis 

Vinute blisters weer bserved notte acquet lu 
Maus | hes f peeks fher s/f ss 














By H. G. Keshian 


The Chase Companies 
Waterbury, Conn. 


TOOL 


from the 


STEEL. 


consumer's standpoint 
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T° the engineer or technical man the thought 
of metals presents a different picture than 
it does to the average man. The average man 
ordinarily thinks of metals either in their gen- 
eral properties or by their mere names. 
Iron or steel, copper or brass, aluminum or 
zinc, mean to him metals that are hard or soft, 
white or red, malleable or brittle; while the 
selection of metals for his various needs is gen- 
erally controlled by what others have been 
using, what custom dictates. 

An engineer or technical man, however, will 
generally think of metals in terms of their defi- 
nite chemical or physical properties. Selection 
to him is a mental process of scrutinizing the 
properties under consideration. These may be 
physical strength, ability to conduct heat or elec- 
tricity, chemical or structural stability: under 
certain conditions, resistance to shock, wear or 
corrosion, adaptability to hot or cold work. In 
other words, the name, chemical composition or 
structural state of a metal are only important 
to him in so far as they indicate certain definite 
quantitative property. 

Now, what does “tool steel” mean to the 
consumer? In the selection of tool steel does he 
evaluate the different kinds in terms of specific 
properties or by mere names? 


Many a mechanical and structural engineer 


and architect has at his command valuable data 
pertaining to the physical and chemical prope! 
ties of a variety of structural, heat and acid r 
sisting steels and the so-called automobile and 
aircraft steels, from which they can select thy 
material possessing the right kind and amount 
of property for which they are looking; but t 
the user of tool steel such valuable quantitativ: 
data is sadly lacking. Terms which the machin 
ist uses, such as “keen cutting edge,” “toug! 
ness,” “high wearing property,” “freedom from 
excessive warpage,” or “resistance to shock 
impact in high degree,” are mere conventional 
phrases to describe certain physical properties 
They are devoid of any definite quantitatiy 
data; they are not only insufticient to guide t! 
tool designer in his efforts to select proper st 
but are also frequently confusing. 

The present status of selecting tool steel a 
a necessity for improvement can better be re 
ized by considering the methods in general 

Generally speaking, steels for various to 
are selected, at present, according to (1) trad 
tion, (2) personal experience, (3) recommend 
tion of steel makers, and (14) service test. 

In the traditional method the mechani 
the engineer chooses the steel according to 
established custom of his plant. In fact, he | 


no choice in the matter and so far as he Is « 
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neither the kind nor the physical prop- 
rt f the material enter into the picture. 
Ey he reasons for using one type or brand 
f | steel in preference to others may not 
iwavs be clear to him, so a definite knowledge 
of necessary physical properties of the steel 
ot play a determining part in this method 
of ecting tool steel. 

1 the second method of selecting tool steel, 
decision is rendered by the personal experience 
of the cagineer or mechanic with various kinds 
f steels on the market. 
lt is true that in both these methods the 


referential list of tool steels may have been 


based on so-called service tests. It is commonly 
known, however, that very often a steel which 
may be considered a “top notcher” in one plant 
does not enjoy even a third class position in an- 
other plant for the similar class of tools. Fur- 
thermore, the same type or brand of steel is 
quite often differently valued by different engi- 
neers or mechanics for similar operations in the 
very same plant. 

So it is obvious that neither of the two meth- 
ods just mentioned is satisfactory. 

The third method of selecting tool steel is 
based on the recommendation of the steel 
maker. He makes the steel and it is presumed 
he ought to know what characteristic proper- 


ties his material possesses; therefore, he is the 








one that is in a position to tell for what purpose 
his products are best suited. Catalogs put out 
by various steel companies are therefore fre- 
quently used. What recommendations do they 
make to guide the tool engineer or the mechanic 
in selecting the right steel for a given job? 

Perhaps a good way to pursue this inquiry 
is to quote some of the recommendations from 
the catalogs of several outstanding foreign and 
domestic steel companies. Let us assume that 
we want to select a steel for drawing dies. We 
find that the steel company A says this: “Gg steel 
is a water hardening steel of most enduring 
qualities for tools that must retain their size 
with a minimum amount of wear, such as draw- 
ing and master dies. It is one of the longest 
wearing steels made.” 

Company B says: “Steel GgG is a high grade 
alloy steel recommended for hard dies for gen- 
eral cold drawing work. It becomes excessively 
hard with a sort of self-lubricating surface. ...” 

Steel company C prints in its catalog: 
“We recommend Hh steel for blanking and 
trimming dies subject to very high pressure and 
severe duty. It will also give excellent service 
for wire drawing plates for steel wire, copper 
and brass wire, also for complicated and ex 
pensive dies where value is laid upon a keen 
cutting edge resisting abrasion.” 


Steel company D has this to say 


super die steel that knows no master, designed as the conditions surrounding such tes 
specially to meet the exacting requirements of from plant to plant, the service test wil] 
accuracy and production demanded by 20th cen- be a source of uncertainty and contrad 
tury efliciency engineers, .... It possesses the the consumer and unfairness to the stee! 
maximum resistance to abrasion, sinking and Moreover, the service test often is expens 
wear of any die steel known.” lacks the simplicity of a standard test. 
Steel company E says: “Kk steel is the very If what has been said about the p: 
highest grade of tempering steel, recommended methods of selecting tool steel in use at 
for drawing dies for brass and copper and for is true-— namely, that none of them gi) 


he al 


blanking dies for hard materials.” necessary information regarding t 
These quotations illustrate the third method and inherent properties of a given typ« 
of selecting tool steels. They have been quoted steel then we want to know if it is p 
not with a view to criticize the substance of to catalog, so to speak, the various pro) 
these recommendations. They are of much help of tool steels, such as wearing, shock res 
to the person who is in pursuit of the best and cutting, shrinking, fatigue and other chara: 
carry the weight of confidence and certainty tics, in definite and comparable figures 
based on the integrity and experience of the same manner that tensile, vield or elong 
maker. Yet they still lack that quantitative in- of structural steels are cataloged for thi 
formation which the engineer seeks. intelligent use of designers and draftsmen 
If the required chief properties of a header The problem is a difficult one. For inst 
die are resistance to impact and wear, it Is rea- take the problem of measuring wearing | 
sonable to expect that these properties should erties of tool steel. There is straight wear 
be given in numerical values in terms of some cold drawing die; there is the impact wea: 
accepted standard method of testing these prop- a header die, the rolling wear in a ball or) 
erties. Again, if the principal requirements of bearing. How can these different forms of 
a cold drawing die are strength and ability to be reliably tested or measured? Even ii 
wear, it is quite necessary that these properties of these difficult problems it must be re: 
of a steel recommended for that purpose be bered that man has succeeded in solving 
viven in numerical values in terms of some ac- more difficult ones, and the speed and thoro 
cepted method of testing wear and strength sO ness with which he has solved them hav 
as to enable the user to select the proper steel. pended on the eagerness and determination 
rhe fourth method of selecting tool steel which he has engaged his task. 
is what is called the service test. The basis of lo recapitulate: The designer of a mac! 
this test has a similar meaning in its final anal- has at his disposal a vast amount of data o1 
vsis to the popular saving that “The proof of physical properties of many types of steels. | 
the pudding is in the eating”; but one must not parts of his machine that are subject to w 
forget that there has always been considerable tension, compression or impact he can sé 
difference in the taste of the eaters. steels that fulfill these requirements in vai 


A service test is perhaps the only test ap- degrees. Similar information is available to 


proximating the true test; its value, therefore, designer of a structure, automobile, vessel. 


should not be underestimated. Yet it is a fact comotive, dirigible and airplane; but wh: 
that often the results of the service test greatly comes to tools the designer has only vague 
differ, in similar applications under presumably meager information as to the properties 
similar conditions. Quite often the same kind thousand and one kinds of tool steel on the ! 
of steel made into the same class of tools and ket, from which he must select his materia! 
heat treated similarly but used by different op- tools requiring different characteristics 
erators shows contradictory results. It, there- Is it not, therefore, worthy of serious « 
fore, becomes quite evident that even the service sideration by both tool steel maker and 
test is not to be too confidently considered as a consumer to determine the requisite phys 
satisfactory method of telling the true and in- properties of tool steels and make them ay 


trinsic values of various kinds of steel. As long able to the designer of tools? 
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Stockholm [ versity 
MARTENSITE 
| —d | ~ ~4 
recent structural studies 
HEN the first X-ray photograms of body-centered tetragonal phase. The latte 


quenched carbon steels were made by 
the author over 10 vears ago, they were found to 
resemble those of a-iron except that the lines 
vere very diffuse. (These photograms appear 
on the following page.) The position of the 
lines proved that the main part of the iron in 
martensite is in the a-state. From the cloudiness 
i the interferences we could infer that its hom- 
seneous lattice ranges are very small. Because 
f this indistinctness of the a-iron lines, its lat- 
tice dimensions could not be exactly determined, 
d no information concerning the situation of 
s carbon atoms could therefore be obtained. 
Better photograms obtained later showed 
it carbon steels, even if comparatively low in 
irbon and quenched in the ordinary way, also 
lain some austenite, a fact that B. D. Enlund 
d established earlier by means of densito- 
ric and conductometric measurements (de- 
bed in Jernkontorets Annaler, 1922). Re- 
t metallurgical thought has been dominated 
the concept that martensite is essentially 
ide of submicroscopic grains of alpha iron. 
\n important discovery was made five vears 
by W. L. Fink and E. D. Campbell in the 
ted States (Transactions, A.S.S.T., 1926) and 
ibout the same time, independently of them, 
N. Seljakow and coworkers in Russia. They 
nd that rapidly quenched carbon steels may 


fain not only e-iron and austenite, but also a 
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crystalline iattice may be considered to be 
formed by a slight deformation of the lattice of 
alpha iron. The relative quantity of this tet 
ragonal phase seemed to depend upon the cat 
bon content and the quenching velocity. 

So far, this tetragonal phase has never been 
obtained alone in carbon steel specimens. It is 
always mixed with «-iron when the carbon con 
tent is low, and is accompanied by austenite 
when the carbon content is higher. 

This discovery has naturally attracted a 
sreat deal of interest and quite a number of 
\-ray studies on quenched steel have been pet 
formed during the last five vears in order to find 
out the conditions of formation of this phass 
and how its properties change with carbon con 
centration and heat treatment. It would take 
too long to give a complete account of all these 
investigations here. <A fairly full and detailed 
review of this field of research up to 1930 has 
Wever and N, Engel in a pub 
Kaiser Wilhelm Institute, to 
What we 


been given by | 
lication of the 
which the student may be referred 
know about this tetragonal phase at present may 
be summarized as follows 


Ihe height of its unit cell is somewhat 


larger and the basal edge of the same slightly 


smaller than the lattice parameter of a-iron, The 
svmmetry is thus pseudo-cubiec, the axial ratio is 


about 1.03 in a quem hed steel containing OS 








Powder Photogram of a Steel Containing 0.80% Carbon, 


Quenched at 1400° F., 


Compared with Photogram of a-Iron, 


lron-K Radiation 





carbon, and this ratio gradually increases to 1.06 
or 1.07 as the carbon increases to 1.6°. Jap- 
anese investigators have reported that the axial 
ratio should have a maximum value at the sur- 
face of quenched specimens and decrease con- 
tinually inwards. This statement has not, how- 
ever, been corroborated by others, and it might 
be presumed that the phenomenon is due to a 
tempering from grinding the surface lavers. 

Most important studies on the tetragonal 
martensite phase have been performed by G. 
Kurdjumow and his associates. They have de- 
termined its lattice dimensions and show that 
the height of the unit cell increases with the car- 
bon content, while the basal edge decreases very 
slightly. 

When the quenched specimens are tem- 
pered at 100 to 150° C. 


transformed into a mixture of a-iron and ce- 


the tetragonal phase is 


mentite. Kurdjumow first considered this proc- 
ess to be continuous, as he found that the axial 
ratio slowly decreased as the tempering effect 
proceeded. In a paper published last vear, he 
admits that the process is more complicated. 
Rotation photograms of partly transformed sin- 
vle-crystal specimens of austenite show the pres- 
ence of a-iron interferences as soon as the tem- 
pering commences. 

Some metallurgists have found it hard to 
accept the idea that martensite is a mixture of 
submicroscopic crystals, inasmuch as its appear- 
ance under the microscope is of well-defined 
needles. It lias been assumed that the needles 
are inherited from the austenitic planes, and 
the last-mentioned publication of Kurdjumow 
deals mainly with a beautiful investigation of 


the orientation of the tetragonal crystals in re- 
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lation to the crystallographic axes of the aust: 

ite grain out of which they are formed. | 

lattice net planes (O11) of the tetragonal phas: 
(and of the a-iron when present) are parallel to 
the (111) plane of the mother austenite grain 
This fact might explain why K. H. Heindlhof 

and E. C. Bain (Transactions, A.S.S.T., 1930 

studying the grain size of martensite by means 
of their ingenious pinhole method, could arriv: 
at the conclusion that a quenched carbon stee! 
may be composed in the main of comparatively 
large “units” of ferrite. The (111) planes of th 
parts of an austenite grain, which are retained 
untransformed in quenched steel, and the (O11) 
planes of the tetragonal phase, or of the a-iron 
generated by this grain, all cooperate in giving 
practically the same X-ray reflection spots 
When a narrow X-ray beam is passed throug! 
such a steel the pattern is therefore of a nature 
as to make it appear coarse-grained, although 


may actually be composed of a great mass 


very small crystals which are orientated appro» 


imately parallel within certain regions. 

Quite recently Einar Ohman of the Unive: 
sity of Stockholm has also studied the marte! 
site structure by means of X-rays. As notes 
| 


in a letter to Merart ProcGress last March, 


& cameras ct 


used for this purpose the focusin 
structed by G. Phragmen, which give a hig! 
dispersion of the reflected rays than the came! 
yenerally used for taking powder photograt! 
For this reason he was able to obtain a distil 
separation of the strong (110) and (101) lines 
the tetragonal phase, which may also be dist! 
suished from the (110) line of «-iron and t! 
(111) line of austenite. (It is unfortunate tl 


some of these interferences have merged 
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get in the reproduction, in which the con- 
rrasts have been made a little more pronounced 
than they are in the original pattern. In the 
latter, however, all the interferences mentioned 
ire plainly visible as different lines.) 


may be seen in the series of photograms 
is page how the distance between the lines 
of the tetragonal phase increase with growing 


rbon content and how the (200) line of aus- 


tenite is displaced continually as its carbon con- 
centration grows higher. They also show how 


the interferences of the tetragonal doublet con- 
tinuously draw nearer to each other, when the 
specimen is tempered from 100 up to 150° C 
fhe austenite lines remain unaffected by this 
treatment, and do not disappear until the speci- 
men is tempered at about 250° C. 

How the lattice dimensions of the tetragonal 
phase vary with its carbon content is shown 
on the following page. The two lines represent 
ing the variation in dimension of height and 
basal edge, projected backward, intersect at 
pure iron at 2.86 A, the parameter of alpha iron. 

Kurdjumow and his associates have sug- 
gested that the carbon atoms in the tetragonal 
phase are situated at the centers of those faces 
of its unit cell which are perpendicular to the 


tetragonal axis. As Ohman has pointed out, this 


orientation is, however, very improbable, as the 
space available for the carbon atoms in this po- 
sition would be extremely small. But even if 
they were situated at the points where there is 
nost room for them, Le. in O!'.!4, they would 
be located so close to the neighboring iron atoms 
it their radius available is only about 0.35 A, 
his hardly enough room for an atom which 
sa radius of 0.77 A in a diamond crystal and 

if 0.55 A in the austenite solid solution. 
lf the tetragonal phase in quenched steel 
an additive product similar to austenite, 
would also expect the volume of the body- 
tered lattice (austenite) to increase much 
rapidly with increasing carbon content 
would the face-centered one (martensite), 
is seen on the next page, this is contrary to 
rved facts. Another possibility is that th 
ivonal phase is formed by the substitution 
bon for iron atoms in the regular lattic 
lions. This is an unlikely supposition as 
would cause a decrease of the lattice dimen 


Ss with rising carbon content, since the car- 


bon atoms are considerably smaller than the 
iron atoms. 

As originally suggested by Dr. Hagg, there 
is, however, a third possibility to consider. One 
iron atom may be replaced by two carbon atoms. 
In appraising this possibility we can make use 
of the chemical analogies among the so-called 
“transition elements” (groups scandium to 
nickel, yttrium to palladium, lanthanum to plat- 
inum, and actinium to uranium in the periodic 
system) mentioned in the discussion of the 
structure of austenite in the last issue of Meral 
PROGRESS. 

M. von Stackelberg has recently shown that 
transition elements with large atoms, such as 
lanthanum, cerium, praseodymium, and neody- 
mium, have the ability of forming di-carbides 
with a tetragonal crystal lattice which may be 
considered as a deformed NaCl-structure and in 
which the metal atoms correspond to the sodium 
and the C,-groups to the position of the chlorine. 
It should be mentioned that the cubic lattice is 
closely related to these tetragonal lattices, and 
the latter may be considered to be derived from 
the other by a stretching of the lattice in the di- 
rection of a tetragonal axis due to the hypothet- 
ical arrangement of the C, groups with axes 


parallel to this one. 


Quenched Carbon 





Diffraction Spectrograms 
Steels, Powder Method, by FE. Ohman 
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Relationship of Lattice Dimensions and Carbon 
Content of the Tetragonal Martensite Phase 





Ohman has attempted to settle the question 
as to where the carbon atoms are located in the 
tetragonal martensite phase by means of density 
measurements. From his letter to Nature, Feb- 
ruary, 1931, on this subject the following may 
be quoted: 

Phe density of the tetragonal phase contain- 
ing 1.35%. carbon was calculated on the follow- 


ing three assumptions: 


1. Addition of carbon atoms 
2. Substitution of C.-groups 


3. Substitution of single carbon atoms 7. 


A steel specimen with 1.55°. carbon was 
quenched and then kept in liquid air for 48 hr. 
in order to increase the percentage of the tet- 
ragonal phase. Its density was afterwards 
found to be 7.62. Its X-ray photogram is fifth 
from the top on page 47, and from this photo- 
gram it could be concluded that the specimen 
was composed of a mixture of tetragonal phase 
and austenite, the intensities of the lines indicat- 
ing that the former was predominating in 
amount. The density of the austenite present 
was calculated at 7.91. 

We have, therefore, a metal of specific grav- 
ity 7.62 composed of a minor part of substance 
(austenite) whose specific gravity is 7.91 and a 
major part of another substance (tetragonal 
martensite) of unknown specific gravity. The 
first assumption (sp.gr. 7.65) is immediately 
ruled out, as the densities of both assumed com- 
ponents are higher than that experimentally de- 
termined for the mixture. Therefore carbon, in 


tetragonal martensite, cannot be inserted in the 
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interstices between iron in the regular 
Assumption 3 is, as mentioned above, vi 
probable. It would require 57% of aust 

volume and 43‘ of the tetragonal phas« 

duce a quenched steel of the observed d 
vet the intensity of the interferences in 
ray photogram indicates that the specim: 
tains more of the latter than of the f 
crystalline phase. 

Assumplion 2 is left and is also the 
probable, as a mixture of 40‘. austenite | 
7.94) and 60‘: tetragonal phase (sp.gr. 7.42 
produce a quenched steel of the observed 
sity (sp.gr. 7.62). These proportions agre: 
the indications of the photogram. Further 
this assumption alone explains at one tim: 
observed density values, the increase in vol 
with the carbon content, and also the trai 
mation of the cubic a-iron lattice into a t 
onal one. The latter is possible if we ass 
that the C.-groups are orientated so that 
axes are parallel to each other, all pointin 
the direction of the tetragonal axis, just as | 
do in the structures of the di-carbides inv 
gated by von Stackelberg. 

Concerning the change of the tetra: 
phase at tempering, Ohman considers his p! 
grams to support the opinion that it is g1 
ally losing its carbon because the axial rati 
the phase decreases continuously. The (0! 
line of the a-iron is not visible at the first st! 


of the tempering, when the position of the int 





Volume per Lattice Point of the Tetragonal M 
fensite Phase and Volume per Iron Atom of A 
fenite, as Related to Carbon Content 
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es of the tetragonal doublet has been but 
v affected. At a later state the (110) line 


Si 


tetragonal phase might merge into an 
il a-iron line, but if this were true its in- 
would be greater than that of the tet- 
| (101) line, whereas the intensity rela- 
s not reversed until the tetragonal doublet 
es into a single line. At this stage the 
sformation is probably completed in some 
s of the specimen. 
\ que nehed hvper-eutectoid carbon steel is 
ntly a mixture of three or four different 
ses, of which one is a supercooled solid solu 
(austenite) and the other a supersaturated 
d solution (tetragonal martensite). Both of 
se are apt to transform on cold working, 
is. When the hardness tests are made. Con- 
ently, it is impossible to measure hardness 
hese substances by ordinary tests. 
low thoroughly and easily an unstable al 
mav change when subjected to mechanical 
stress is illustrated just below in which X-ray 
tograms of quenched “staybrite” (an iron 
lov containing 18‘. nickel and 0. chromium) 
ompared in the original and in a cold rolled 


state. A few bendings of the austenitic quenched 


specimens are suflicient to cause the a-iron lines 
to appear in the photogram. Even if it were 
possible to obtain a specimen in which, for in 
stance, the tetragonal martensite phase would 
predominat i would thus be difficult to obtain 
a true measure of its hardness. It therefore 
seems almost impossible to decide whether a 
supersaturated solid solution really is in itself 
so very much harder than a stable or a super 
cooled solid solution, as many scientists believe 

Finally a steel of moderate carbon content, 
say of about eutectoid composition, when not 
mally quenched consists of a slight amount of 
austenite mixed with a solid solution of carbon 
in a-Iron, the lattice of which is distorted into 
a tetragonal shape by the presence of the cat 
bon atoms. When this product is tempered at 
such a low temperature as 1o0) C., the Latter 
phase is completely transformed into carbon 
fre iron in which a multitude of extremely 
fine cementite particles are embedded Vhs 
transformation of crystalline structure does not 
affect the hardness of the steel to anv marked 
degree, and it is thus evident that a steel may be 


hard even if it contains no supersaturated solid 


solution such as described above 
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TIME DEFORMATION 


66 99 
the nature of creep tests 
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oo for a relatively short time test to de- 
termine the deformation characteristics of 
steel at elevated temperatures has been felt for 
some time, and such a test is now particularly 
desirable with the large number of newly de- 
veloped steels to be tested. Even with the pres- 
ent methods of long time tests the results can be 
wven with accuracy only for the period of the 
duration of the test. 

The purpose of the present paper is to pre- 
sent a study of the fundamentals of deforma- 
tion and to suggest a possible short time method 
for consideration. The apparatus used and the 
methods followed are essentially those described 
by Prof. Albert Sauveur in the Campbell Me- 
morial Lecture before the A.S.S.T.. 1930. 

It was found very soon in our experiments 
that, among the steels investigated, three tvpes 
could be recognized as having load-deformation 
curves of different characteristics. vpe Lhasa 
stepped diagram (as found by Sauveur and 
others) up to some elevated temperature, and 
As the 


temperature of testing increases, the number of 


above that temperature, a smooth curve. 


steps decreases, but each step increases in mag- 
nitude and, of course, the so-called plastic por- 
tion of the curve is displaced downwards. This 
tvpe of action is characteristic of annealed sim- 


ple low carbon steel, and is sketched on page 55. 
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A second tvpe is characteristic of quence! 


and quenched and drawn simple steels and 


Smooth load-deformat 


some alloy steels. 
curves are obtained at room temperature and 
higher temperatures; but at intermediat 
peratures, steps are found as before. 

It was found that those steels which sho 
stepped load-deformation diagram (types | 
Il) lose the steps at some elevated temperat 
and that this temperature varies from 37 
to 17) C. for the steels tested. 

Phe third type shows smooth load-defor 
tion curves from room temperature up 
stated by Sauveur, this curve is characteris! 
austenitic steel. 

These curves do not show the time elem: 
so it might appear that a “step” is a sudden 
formation. Our observations indicace that « 
step, whether a quick sharp twist or a slow 
starts off slowly, and quickly accelerates 
maximum and then decelerates and fin 
stops. Phat deformation ceases is proven by 
fact that the load was left quietly on a san 
for 48 hr. after a step had occurred and 
measurable further deformation took place 
Publication 4014, A.LM 


(1931), Van Wert advances the plausibl 


In Technical 


planation that the steps are caused by the raj 


elastic recovery at elevated 


temperal 
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ipparatus for Measuring Twist in Heated Test 


Bar. Load ts applied at rim of wheel by loading 
ket with shot. Sample ts reduced to % in, 
meter for ‘2 tn, at mid-length (inside hot zone 

{ the furnace shown behind the wheel 





through the mechanism of dispersion hardening. 
(“Elastic recovery” is not to be confused with 
‘elastic after-effect.” a term to be used later. 
When elastic recovery takes place, the load- 
elongation curve, drawn immediately after 
plastic deformation or momentary vield, has ap- 
proximately the same slope as immediately be- 
fore.) The hardening agent, in his opinion, is 
utride, oxide, or carbide. In this idea the au- 
thor concurs, and the results of the following ex- 
eriments lead to the same conclusion. 

An alloy steel was tested at a temperature 
f 475 C.. which was about the temperature at 
vhich steps disappeared in the annealed ;.cel 
Four conditions of heat treatment were used. 
Une set of samples had been thoroughly an- 


ealed, and a second set had been water 
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quenched from 800° C. The other two had been 
quenched and then drawn at 400° C. and 600° C 

Time-deformation curves for these samples 
for a load of 45 lb. are shown at top page 56. 
The annealed material had little resistance and 
failed quickly after twisting 475°. The quenched 
condition was the most resistant and apparently 
hardened under the influence of stress and tem 
perature quickly and effectively. 

At first glance it would seem that the two 
drawn samples are out of order, but by reason- 
ing that the dispersion of a hardener from solid 
solution is responsible for the stiffness, then the 
order is logical. 

If we assume, for instance, that the temper- 
ature for complete solubility of this hardener is 
somewhere between 500° C. and 600° C., then 
the quenched sample and the sample that was 
drawn at 600° C. and air cooled can be con 
sidered to be solid solution alloys with respect 
to the hardener. The annealed sample, of 
course, would contain the hardener in a com 
pletely precipitated condition and of large pat 
ticle size, in which condition it would be least 
effective as a stiffener. The sample drawn at 
wo 6. would not have the hardener so com 
pletely precipitated nor of such large particle 
size, so it would be stiffer than when annealed 

It is generally believed that, at temperatures 
where precipitation will take place, precipra 
tion under stress, as a stiffener, is more effective 
than when stress is absent. Therefore, the two 


solid) solution conditions (quenched, and 
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Tiwist-Time Diagrams of Alloy Steel, Tested at 
(20 C.and Under Constant Load. Samples were 


lested after four heat treatments 





quenched with 600) draw) would be stiffer than 
the steel in the two precipitation conditions (an 
nealed, and quenched with 100° draw). 

\s previously stated, a temperature was 
reached below which, in some. steels, stepped 
load-deformation diagrams were obtained, and 
above which smooth diagrams were obtained. 
Phis temperature may be called the “strain 
hardening temperature limit” and it marks the 
temperature at which the annealing effect over- 
comes the strain hardening effect. It is believed 
that below this temperature all deformation un- 
der constant load will cease. Above this tem- 
perature deformation will more or less quickly 
lead to failure. It follows, therefore, that at but 
a single temperature, (where the annealing ef- 


fect just offsets the strain hardening effect) can 
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deformation of steel proceed at a consta 

It is to be expected that previous st) 
will influence the load-deformation diag) 
a steel and the following experiments we 
ducted to determine this influence. 

A steel was chosen which had a strain 
ening temperature limit about 450° (¢ 
strained by a final load of 35 lb. This load. 
ever, was arrived at by three methods of 
ing. First, a single load of 35 Ib. was ap) 
and the load-deformation diagram plotte: 
shown in the lower diagram on this pag 
other bar was first loaded with 40 Ib. for 16 
and then the load reduced to 35 Ib. A third 
was loaded with 25, then 30, and finally 35 

This steel at this temperature quickly 
proached dimensional equilibrium when loa 
with 25 Ib. When the load was stepped 
30 lb. the twist-time curve also flattened out 
to nearly a horizontal direction. The dotted | 
tions of the curve represent extrapolations 
interesting to note that the total deformatio 
dicated is about the same for these thre 


vardless of the method of loading 


preces rey 
If these curves are rearranged as show 
the next sketch, it is apparent that initial 
intermediate ¢ reep rates for a load of 35 Ib 
widely depending upon the amount of sti 
hardening previously given the piec 
{ p to this point in the ¢ xperiments the | 


used were all in excess of the indicated proj 





Deformation of Sample s Tested Belou 
‘ty 


Hardening Temperature Limit” Is Al 
Regardless of Previous Strain Hardentt 





Degrees of Twist 
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limit or in the region where steps oc- 
So. it was decided to work with smaller 

ind also to study the influence of rates of 
since indications had been obtained 

he deformation with time was perhaps an 
resis effect. or an “elastic after-effect.” 

“elastic after-effect” is used in the sens¢ 

pton uses it in his text Vaterials of Con 
ym, to eXpress the fact that even at room 

erature further deformation, bevond that 

sured in a quick test, will occur with time 
constant load. It is, therefore, an hys 
sis effect.) 

Load-deformation diagrams as shown in th 
un on this page were determined for an 
steel at 450° C. for different rates of load 
(The temperature was determined by ex 

ment to be just within the strain hardening 

iperature range for the thoroughly annealed 

.) Increasing the load by 10-lb. increments 
iform intervals, the bars were loaded to 

st bevond the indicated proportional limit and 
data plotted. The usuai elastic and plastic 
ons of the curves are indicated in the fig 
ind as shown by curves A and B fairly good 
ks were obtained when the time of loading 
s within a half-hour. 
When, however, the bars were loaded hy 
rements of 5 Ib. every 24 hr.. a much lower 
dulus is indicated by the slope of the clastic 


rtion of the curve ©, and the proportional 


Rearrangement of Twist-Time Curves to Show 





Initial or Inte rine diate Cree p Rate s Vary 


With Previous Strain Hardening 
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limit is found to be considerably lowered. This 


ul 


method of loading (step up) was repeated, b 
this time three load increments at 48-hr. intes 
vals were applied, and a diagram was obtained 
which differed but verv slightly from the pr 
vious one, and consequently is not plotted 

Che deformation interval between the most 
rapid and the slowest rate of loading (that ts, 
the difference in ordinates between the curves 
1 and €) represents what is believed to be the 
hvsteresis mentioned above, and it is probable 
that this represents the total “creep.” the total 
amount which the steel will change under the 
siven load (10. 15, or 20 Ib. as the case mav be) 
and at the temperature of test 

In order to determine more accurately the 
amount of this creep at various loads, four bars 
were loaded, one at 10, one at 15, another at 25, 


and the fourth at 30 Ib. (Cont. on p. Of 
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im the basic open hearth 


lo be presented at the 1931 National Metal Congress 


ill not again be preprinted. Written discussio 








p* IRON, as produced today for the basic 
open-hearth process, has the following ap- 


proximate percentage composition : 


Carbon 1.00) Sulphur O05 
Manganese 1.70 Silicon 1.00 
Phosphorus Ovo Iron Oy On 


This material is, of course, unfitted to fill the 
needs for which steel is used, and it is therefore 
necessary to eliminate certain amounts of these 
elements. Carbon, manganese, phosphorus, and 
silicon are removed bby strongly oxidizing the 
pig iron. In order to remove phosphorus and 
sulphur, it is necessary to supply a strong base 
which will form stable compounds of these cle- 
ments and hold them permanently in the slag 
(the molten magma formed when the lime and 
the various oxides unite with, or dissolve in, one 
another), 

In addition to the elimination of the ele- 
ments listed above, the open-hearth process is 
supposed to refine the pig iron; and in this term 
“refine” most of the mysteries of steel making 
are wrapped up. The refining may consist of 
the removal of dissolved and suspended oxidic 
material, of the removal of gases, or of some 
other materials which cause steel to be of poor 
quality. Obviously, the effect of pig iron on 
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steel quality is masked by the numerous vat 
bles which are present in the steel-making pr 
ess, and it is only occasionally that defe 
finished material may be traced directly to p 
pig iron. The finger of suspicion is, how: 
pointed toward the blast furnace when 
emergency so demands. 

Lhe open-hearth furnace consists ess 
tially of a shallow rectangular steel pan li 
with refractory material to form = a_ heart 
elliptical in shape. Over this is placed a rool 
silica brick, the whole forming the combust 
chamber. Steel is made on the hearth of 
furnace. This part of the furnace is often rete! 
red to as “the laboratory.” as it is here that 
most all of the chemical reactions of combust 
and steel refining take place. 


There are as many ways of laying a he: 
as there are open-hearth superintendents. | 
basic open-hearth furnaces the hearth is gene! 
ally made of magnesite brick which is coveré 
with burnt magnesite mixed with about Lo 
open-hearth slag, or with burnt dolomite. ! 
some installations chrome brick is being use 
in place of magnesite brick; in others, patent 
refractories are used as part of the bottom ma 
terials. After a heat has been made and t! 


banks have been eroded somewhat, they a! 
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with dolomite or magnesite. 


on 





or thrown on by 


These 


are 


a machine which 


v called a “dolomite gun.” 


ther end ol 


ve « 
was 


ss I 


the hearth 


‘hambers, in which brick is laid 


are placed re- 


s. As the hot gases from the fur- 


rough these “checker” chambers, a 


rcentage of the heat is transferred to the 


Lhe 


type and size of checker chamber 


onsiderably with the tvpe of fuel used. 


fuels 


~ 


fut 


such as producer 


nace and coke-ov 


> 


en gas, are 


gas and mixtures 


pre- 


lin the checkers before thes enter the fur- 


lar 


and oil are brought directly to the 


nd atomized with high-pressure steam or 


Natural gas and coke-oven gas are also de 


d direct 


thy 


Te 
! 


The port must be designed dit 


for each type of fuel, particularly for 


Cis and coke-oven Vas. 


These two tue Is 


on-luminous flame, making it diflicult for 


rato 


to control combustion. 


\ recent development is the use of a com 


thon 


ol 


coke-oven and blast-furnace 


GAS 


iis 


open-hearth fuel, the mixture is passed 
through the regenerators, the hvdrocarbons in 
the coke-oven gas are “cracked.” and a lum 
inous flame results 

he scrap, cold pig iron, limestone, and ore 
are loaded into charging boxes in the stock 
vard. In a charge consisting of limestone and 
scrap, the limestone is placed on the hearth first 
and is followed by scrap until the charging is 
completed or the furnace is full. If large 
amounts of light scrap are being charged, it Is 
often necessary to fill the furnace, melt down the 
scrap somewhat, and then finish charging the 
scrap. It is sometimes advisable to charge a 
laver of scrap on the hearth of the furnace be 
fore charging the limestone, particularly if. the 
limestone tends to stick to the hearth too much 

If ore is charged, it is generally added be 
fore the limestone or just after the limestone, 
depending on the condition of the bottom 
Charging ore first tends to cut out the bottom 
When cold pig iron is used, it is charged after 


the scrap, although occasionally a small amount 
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Determining the Temperature of Molten Steel by 

Veans of an Optical Pyrometer. The operator 

seen at the left, can easily check the flapping tem 
perature with this instrument 


is charged first in order to cut out the bottom. If 
hot metal is used (and the largest tonnage of 
stecl is made by this method), it is brought to 
the furnace in a ladle and poured through a 
spout inserted in one of the charging doors. The 
addition is made after the scrap has melted 
down somewhat and after the furnace has be- 
come well heated. 

During the period between the charging of 
the scrap and the hot metal addition, two chem- 
ical reactions are taking place in the bath: (1) 
The oxidation of the scrap while it is melting, 
and (2) the calcination of part of the limestone 
by the reaction 

CalO, s CaO CO 
There is a heavy boiling action caused hy the 
CQO, evolution, and at the same time this gas re 
acts with liquid iron to form iron oxide. 
CO Fe ss FeO CO 

\s melting continues, pieces of limestone 

Which have been held on the bottom by the serap 


begin to rise through the bath and float in the 


slag. This period is known as the lime boil, and 
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the agitation from the gas evolution ass 


terially in the transfer of heat from thy 


the bath by thoroughly mixing the hot 


laver of metal with the lower lavers. 


As has been pointed out, carbon. 


nese, phosphorus, and silicon must be rv 


fron 


r the 


metal as oxides, and in orde 


vent phosphorus from reverting into th: 


during the later stages of refining, a 


centage ol 
stable 
1 the 


forn 
float 
thro 


amo 


ha 
S Ol 
ugh 


unt 


its 


cale 


surta 


lime must be carried in 


ium phosphate. 


ce ol the 


iron oxide cont 


bath, 


nt th: 


of metalloids is removed by 


lar 
thre 
L| 
clit 
il 


ONTO 


The slag thus acts as a regulator of oxid 


and as a carrier of undesirable impurit 


the slag is weakly 


basic, conside rable e1 


of the furnace lining will take place; i 


| too | 


it is generally very viscous and the reactior 


be slowed up considerably. 


from thre best 


available at the present time, the slag co 


of calcium 


solve 


Cas 


“ad 
> 


aQ), 


silicate 


(CaQ.SiO.) 


3sCaQO.PLO., Mnod, 


conk 


FeQ, 


he magnesia is generally 


itil 


Clas 
lee ld 


suspended as periclase (MgQO) in which s 


Ke Om: 


t\ be 


dissolved. 


It is desirable that the slag has a give! 


sistency during the working period, since th: 


idation of the bath is controlled not only b 


amount of tron oxide in the slag, but also by 


rate at which iron oxide diffuses from the s 


into 
of sl 


ray 


the metal. 


ag viscosity. 


This diffusion rate is 


a tunct 


If the slag is too viscous 


be thinned out by the addition of fluors; 


and if the slag is too fluid, it may be thick: 


ly additions 


either 


burnt dolomite. 


of burnt 


linn 


or els 


During the initial melting period, a |: 


amount 


of iron 


of the serap. 


oxide is form 


ed by 


This combines with s¢ 


oxidat 


mnie ol 


burnt limestone on the hearth and with som 


the dolomite on 


in iron oxide and lime. 


the banks to form 


As soon as the 


a slag | 


hot Tike 


is added, the iron oxide in the slag formed d 


ing melting reacts with the metalloids in 


ye iron, and silicon and manganese are \ 
=~ e ~ 


rapidly climinated. 


The result 


Is react 


is a sharp decrease in iron oxide and a ra 


riers 


‘ase 


in SiO 


slag analyses of two types of heats, 


after 


the 


hot 


metal 


addition, 


METAL 


and MnO in the slag. Typ 


qotie h 


are given 1D 
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table 


to 


illustrate 


Scrap and 
Hot Metal 


33.62 
1.85 
1.17 


B 
6.11 
0.13 
34.04 

O.o0 
12.38 
34.25 


O50 


O.16 


this statement 


Ore, Scrap, 
and Hot Metal 


( >) 
39.00 2 PL 
3.08 7d 
20.66 20.42 
1.93 2.40 
Q 65 94 
13.60 18.27 
7.00 7.74 
1 ot) 
0.20 


will be noted that the heats on which or 


harged are much higher in iron oxide than 


its charged without ore, and that the slag 


tins much less SiO... On most heats in which 


s charged, the reaction between ore and 


pig 
\ ims 


sis high in PLO... MnO, and SiO... and carries 


iron is so violent that large 


flushed out of the furnace. 


amounts ol 
The flush 


iv from the furnaces a large amount of these 


dics 


ky 


It will be noted that all these slags 


basic: 


thre 


result 


IS a severe 


are 


COPTTOSION 


of the furnace banks by the initial slag. If high 


silicon pig iron is used, this corrosive action is 
bottom may 


intensified; the furnace banks and 


be damaged to a considerable extent. necessitat 


ing an unusually large amount of dolomite for 
repair, and excessive delays for patching 
Uh composition of the slag at the time the 


heat is melted has a very pronounced effect on 


its oxidizing power during the finishing period 


fhe reason for this is that a great deal of the 
oxidation takes place through the action of the 
furnace gases on the FeO in the slag, and thi 


higher the FeO, the greater will be the oxidation 


throughout the heat. For this reason, heats in 


which ore is added in the charge will generally 


be from 3 to 12 higher in FeO than those con 
taining no ore in the charge 

The heat is usually thought to be melted 
when all the lime has come up from the bottom; 
that is. when it is no longer held by unmelted 
scrap. At this time a test is taken and the cat 
bon content estimated by the appearance of thy 


Tapping Steel fre 


ma 200-1 


alta Plant of the 


; 
i 


Til 


Be thie hie fi 


fing Open 


Slee 
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fracture. From this fracture the furnace oper- 
ator judges how much ore should be added to 
eliminate the carbon to the desired point. The 
ore is introduced either by shoveling or in a 
charging box, and a lively reaction caused by 
oxidation of carbon takes place at once. As the 
carbon is being eliminated, steel tests are sent 
to the laboratory for carbon analysis, or fracture 
tests are made by the operator. 

The operator now attempts to “shape up” 
his slag so that it will be of a creamy consistency 
and the metal at the proper temperature at the 
finishing period. The temperature of the bath 
is judged by noting the appearance of the end 
of a stirring rod when it is withdrawn from the 
furnace, by pouring a test and noting the tend- 
ency of a skull to form in the spoon, or by 
watching the color of the steel while pouring. 
Phe experienced operator can estimate temper- 
atures fairly well by these three methods. The 
temperature of the bath is regulated by the 
amount of fuel used, which is generally under 
the control of the operator. In some of the 
newer installations of open-hearth furnaces the 
fuel regulation is determined by automatic con- 
trol of checker temperatures, thus eliminating to 
a large extent the personal clement in the meas- 
urement of steel temperature. 

Unfortunately, during the process of elimi- 
nation of metalloids by oxidation, a consider- 
able amount of iron oxide dissolves in the steel 
bath, and before the steel can be poured into 
the molds it is necessary to either partially or 
fully deoxidize it. Deoxidation is carried out 
either in the furnace, the ladle, or the molds. 


For so-called “quality” steel, as much oxide as 


possible is removed in the furnace because the 


elimination of non-metallic matter resulting 
from deoxidation depends to a considerable ex- 
tent on the distance the inclusion must rise be- 
fore leaving the metal. Inasmuch as the aver- 
age depth of the steel bath is about 30 in. and the 
average height of a ladle about 12 ft. it is ob- 
vious that if the deoxidation is done in the fur- 
nace the time will be much less than if the de- 
oxidation is carried out in the ladle. 

On the other hand, if the heat is held in the 
furnace to allow non-metallic matter to rise out 
of the steel after deoxidation iron oxide will 
diffuse from the slag into the steel. Inasmuch 


as the slag-metal area in the furnace is much 
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greater than in the ladle, it is evident t! 
iron oxide will diffuse back from th, 
the furnace than in the ladle. There 
fore, a balance between deoxidation in 
nace and the ladle, but by properly rv 
the viscosity of slag, it has been found | 
better to deoxidize in the furnace. Son 
idizing additions must be made in the | 
account of the oxidizing conditions in 
nace. Thus if ferromanganese and fer 
are used, it is customary to add the form: 
furnace and the latter in the ladle. 

The choice of deoxidizers and the 


of deoxidation are extremely important j 


Pouring Slag From a Steel Ladle Into a 
Car Which Carries it to the Dum 
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best steel from a given open-hearth heat. 
e cases the steel is deoxidized in the mold, 
s is generally a poor practice. 
he time consumed in making a heat of 
earth steel is divided according to the 
ving table: (some of the operations over- 


iking a total of more than 100° ). 


lime 

ration Consumed 
charge to end of charging 19.0 
time spent in charging... 6.0 
. f charge to hot metal addition 35.0 
h charging scrap to hot metal addition 15.0 
tion of lime boil 27.0 
king the heat 23.0) 

lation to tap 

Rimmed or semi-killed steel 1.0 
Killed steel 5.0 
u 1.0) 
) tap to start of repairs on banks 1.0) 
s on banks and bottom 20 
of tap to start of charging 1.0) 


From the standpoint of the steel treater, 
there are three classes of plain-carbon steels 
th which he must deal: (1) Killed steel, (2) 
semi-killed steel, and (3) rimmed steel. All! 
orging grade steels and, in general, all steels 
above 0.25% carbon are killed; structural steels 
from 0.15 to 0.25°) carbon, and in general, most 
steels below 0.15'. carbon are rimmed. — In 
forging grade and other high-carbon steels, the 
essential quality is soundness because this 
material usually goes into a product where 
definite strength factors are desirable. The 
term “killed” indicates that the = steel has 
been deoxidized sufliciently so that the metal 
vhen poured into an ingot mold, lies perfectly 
quiet. This condition is brought about by the 
proper additions of ferrosilicon, aluminum, and 


ther strong deoxidizers. 


In making killed steels there are two gen- 
il practices in use: (1) catching the heat com- 
e down that is, eliminating the carbon to 
the desired analysis and then tapping the heat; 
id (2) recarburizing the heat with liquid pig 
ron or spiegel. In the latter practice carbon 
mtent is lowered to about 0.10) to O.15' 
d then the amount of hot metal necessary to 
ring the carbon up to specification is added. 
ie first method is generally preferred as far as 
eel quality is concerned. The second method 
is the advantage of lower furnace cost, and is 
mpler. In a great many plants where time is 


important factor, it is very difficult to obtain 
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consistently the required analysis on account of 
the rapid drop in carbon at high carbon con 
tents. On the other hand, at about 0.10 the 
carbon in all heats is being eliminated quit 
slowly so that it is very simple to judge the time 
at which the heat will contain 0.10 carbon 
The addition of a certain amount of hot metal 
containing a certain amount of carbon then 
raises the carbon content of the bath to the de 
sired analysis, and the heat is tapped out a few 
minutes after the hot metal is added. In either 
case it is preferable to leave the heat in the fur 
nace for 10 to 20 minutes after the addition of 
the deoxidizer or the recarburizer, in order to 
Insure proper mixing of the furnace additions 

In making semi-killed steels the heat ts 
caught coming down at the desired carbon and 
the manganese added either in the furnace or 
in the ladle. If silicon is used for deoxidizing, 
it is added in the ladle as o0 ferrosilicon 
When aluminum is used it is usually added in 
the molds, although in some plants it tis added 


both in the ladle and in the molds 


Rimming Steel Has Good Surface 


In making a wide variety of steels for deep 
drawing purposes, it has been found preferabl 
to deoxidize the steel partially rather than fully 
Steel which is partially deoxidized with manga 
nese alone is known as rimming steel becauss 
when the ingot solidifies there is a brisk evolu 
tion of gas and a rim of solid steel forms at the 
mold surface and gradually proceeds inward 
In a killed steel there is no evolution of gas, 
and the top surface of the ingot solidifies almost 
immediately. The advantage of the rimming 
steel practice is that the outside surface of thi 
ingot is low in carbon and gives an excellent 
surface on the tinished product 

There have been numerous attempts made 
to produce a low-carbon killed steel, but in gen 
eral it does not possess the deep drawing quali 
ties which present-day fabricators desire In 
making rimmed steel the steel maker is desi 
ous of obtaining the proper rimming action in 
the molds, since this action determines to a large 
extent the soliditv of the surface of the ingot 
It is obtained by a close control over the tron 


f the slag, the slag viscosity, and 


oxide content « 


thre temperature at which the heat ts poured 
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of high elastic limit steel 
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I ARLY in 1918 the’ British steamship 
“Aeneas,” belonging to Alfred Holt & Co., 
was stranded off the English coast. She was 
eventually floated and taken into Belfast, and 
while she was in drydock there I had the op- 
portunity of examining specimens from her 
bottom plates. These plates had suffered in 
various Ways some had bent and some had 
broken like glass but in most cases I was able 
to obtain enough to make mechanical tests. 

lhe outstanding feature was that the major- 


of the tests came reasonably within Lloyd's 





specification, that is, the tensile strength was 

the neighborhood of 56,000 Ib. per sq.in., but 
is | had a considerable amount of material 
vailable, I took the opportunity of determining 

e true elastic limit, using, of course, the Ewing 

\tcnsometer. 

Che tests showed elastic limits ranging from 
200 to as high as 18,920 Ib. per sq.in. lensile 
ength varied from 50,800 to 64,900 Ib. per 
in. Yield point averaged about 32,000 Ib. per 
in. These results interested me greatly and 
iter tested a large number of samples of mild 
el plates and sections and determined the true 
istic limits thereof. From these tests I arrived 
the conclusion that 16,000 Ib. per sq.in. was 
ut the average value for the true elastic Itmit 


such material. 
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lam not at all sure but that the term elastt 
limit is not somewhat misleading It is an 
actual fact that the pilot who bumped an elastic 
limit steel ship into the dock wall was fright 
fully annoved when the plates on the quartet 
remained indented after the impact; he was 
quite sure in his own mind that they should 
have returned to their normal dimensions, and 
this leads me to the question of the confusion 
Which was existent, but which is being rapidly 
removed, as to the true meaning of the ex 
pression “elastic limit.” There is no doubt that 
when specifications for steel were first: issued 
asking for an elastic limil determination, there 
existed in the steel maker's mind and in the 
customers mind the conviction that what was 
really being asked for was the vield point, and 
this impression still has to be lived down. 

Now, what is “vield point’? It is a figure 
representing a stress which is arrived at as the 
result of a human being seeing something with 
his eve. Now the state of that human being’s 
eve will varv with his general physical condi 
tion, and it is not unremotely connected with 
how he spent the previous evening. In any case, 
vield point is a movable feast 

It is a great pity that pieces of steel cannot 
be tested more than once, but 1 did the next best 


thing I vot a piece of steel which was care 


65 








Longittudinal and Trans 
verse Sections of High 
klasti« Limit Steel. The 
mild heat treatment has re 
fined the pearlite and re 
moved all traces of banding 
caused by the rolling. Elas 
fic limits are 30,600 and 
RS.800 lbs. per sq.in., re 
spectively. Magnification 
100 diameters 





fully examined microscopically and found to be 
homogeneous, and from this I cut six test pieces. 
These test pieces could be presumed to be prac- 
tically identical. They were then tested with 
all the conditions being kept constant except 
the time factor. As the time of duration of the 
test was increased from 3 sec. to 22 min. 30 sec., 
the ratio of the vield point to the tensile strength 
changed from 1.00 to O.816. 
are the elastic limit and tensile strength. This 
is discussed more fully by W. E. Dalby in 
Strength and Structure of Steel and Other 
Velals, pages 140 and 156. 


These tests indicated that the most depend- 


Equally unrelated 


able mechanical test is that of true elastic limit, 
provided always that ductility and workability 
are satisfactory. 

When naval architects assumed that the 
vield point was approximately half the tensile 
strength, they actually meant elastic limit rather 
Pherefore, they assumed an 
Ships 


than vield point. 
elastic limit twice as big as it really was. 
designed and built under this assumption were 
quite satisfactory, but when [ was making these 
tests | asked myself, would it not be very help- 
ful to supply the naval architect with the true 
elastic limit of the material he was using in the 
design of his ship, in which case he ought to be 
able to materially reduce his scantlings. Equally, 
if something could be done to increase the true 
elastic limit of the material, then he would be 
able to effect still further reductions in secant 
lings. 


Now when reductions in scantlings are be 


ing made because of an increase in true e!| 
limit, it is, as I see it, essential that there s] 
be no material reduction in such qualiti 
elongation, reduction of area, ability to st! 
punching or joggling, the bending of plates 
sections for stepping, and the ordinary wea 
tear to which steel is subjected in the ship) 
so that attention was turned to the developm 
of mild steel with a view to the raising « 
elastic limit without any consequent loss of 
properties mentioned above. The result 
the production of a high elastic limit mild st 
having the mechanical properties shown in 
following table: 


Prue elastic limit (not vield point) 30,000 Ib. pet 
Fensile strength 58.000 to 68.000 Ib. pe 
Elongation in 8 in. 
For plates less than 0.375 in. thickness 
For plates thicker than 0.375 in. 
Bend test: A test piece at least 2 in. wid 
we have had 4's-in. wide test pieces) 


through 180 


The above tests apply equally to lon 
nal and transverse test pieces. 

Carbon, manganese, and silicon col 
distinguish high elastic limit steel from ord 


mild steel. The average analyses are 


Merchant Ship Mild Steel 


Carbon 2. O.1o 
Manganese y hi 0.45 
Silicon 
In more than analysis, however, do | 
elastic limit steels stand out from the us 
material. A special routine in the rolling 


must be observed, and a definite heat treatn 
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e followed. The heat treatment is quite 
ind consists of taking the material to 


KF. and cooling rapidly in a current 


might imagine that a ship weathering 
for davs on end would run the risk of 
failure, but consider a transatlantic lines 
to a five davs’ gale. If we assume that 
hes five times per minute, the number of 
ls of stress would only amount to 36,000 
five days. Of these only a comparatively 
5 umber would be approaching the may 
and after the five davs we may suppo: 
e vessel will reach port or will meet with 
weather. Investigations of fatigue ar 
sually based on ten million reversals of stress, 
se experiments take a long time 
Eminent naval architects have therefore ex 


ssed the opinion that “fatigue.” occasioned 

by millions of reversals of maximum stress, 

does not occur in a ship and that the cracks and 
ment set which occasionally appear are 

sed by exceptional stresses due to unusual 

ditions 

High elastic limit mild steel, with its um 

form structure, is in the most favorable condi 

for resisting these exceptional stresses 

By 19214 1 had got the naval architects inter 


sted and thev carried out a series of tests on 


ms and tanks made of both my steel and of 
dinaryvy mild. steel These tests were to de 
ine the point at which permanent set 
rred 
lhe results were so satisfactory that toward 
nd of the vear Messrs. Alfred Holt & Co 
red the construction of the 425-ft. ship 
metheus” in which 1.540 tons of high clastic 
| mild steel and 1.336 tons of ordinary mild 
were used. The high elastic limit material 
sed for all shell plating, tank top plating. 
bulkhead plates and stiffeners, main 
Sand re Verses, beams and deck oirade rs 
lhis vessel has been in commission now for 
nber of vears and has prove d entirely satis 
ry One curious and interesting fact) ts 
these holds made of high elastic limit steel 
re very much less painting than those made 
ld steel his, of course, is probably duc 
ibsence of scale following the heat treat 
Which is a part of the process of manu 


ny this tvpe of steel. 


1931 


Comparative tests of deflection were made 
on the “Prometheus” and = her sister ship 
“Eurvmedon” which was built of ordinary mild 
steel throughout Water was pumped = into 
various holds for test purposes and deflection 
measured by several sights placed in) similar 
positions on both ships. First the extremities 
of both ships were loaded and detlections ob 
served; then, after the water had been pumped 
out, the center tanks were filled. Both ships re 
turned to their original alignment after empty 
ing, although slightly increased deflection was 
noticed on the “Prometheus” during the test 
this being the ship using the new steel 

Several ships have since emploved high 
elastic limit mild steel, among them — the 
Italian motor liner “Vulceania.” one of the largest 
motorships ever constructed. 

In conclusion, the characteristics and ad 
vantages of this steel are 

] Uniform, fine-grained microstructure 
resulting in an elastic limit of 30,000 Th. per sq.in 
minimum; 

2. As easy to work as ordinary untreated 
mild steel; 

3 Scantlings can be reduced, resulting in 
valuable saving of metal weight, average 10 

1. Paint adheres well because of the ab 
sence of mill scale 
» \ stronger ship results 
Phe extra cost is $12.15 per ton but, less 


we ht being used, there is a corresponding 


‘ 
1h 


economy in material (nv shapes required cat 


be mad 
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18-8 


correct heat treatment essential 








A about the same time that Brearley dis- 
covered the stainless property of certain 
chromium steels, Benno Strauss at the Krupp 
Works, Germany, brought to light the remark- 
able resistance to corrosion manifested by al- 
lovs of approximately 18° chromium and &‘, 
nickel (now popularly known as 18-8). Al- 
though patent applications were made as early 
as 1913, it was not until three or four vears ago 
that these alloys were used in this country. 
Chese early patent applications were seized dur- 
ing the War by the Alien Property Custodian 
and later sold to the Chemical Foundation, Inc., 
which prosecuted them through into patents. 
Thus it is that all producers of this alloy in this 
country must be licensed under the patents held 


by the Chemical Foundation. 


Characteristics of 18-8 


Strauss’s composition is now produced by 
several American steel companies under dif- 
ferent trade names. It is an austenitic alloy, 
non-magnetic, and cannot be hardened by heat 
treatment. The commercial range in composi- 
lion is approximately: Carbon under 0.20'., 
manganese under 0.505), chromium 17 to 20° 
and nickel 7 to 10‘. 


In low carbon steel, austenite only exists at 


68 


temperatures above approximately 1,750 | 
by drastic methods of cooling, it has been 
sible to retain austenite in a metastable c 
tion at lower temperatures. In the 18-8 

the austenite persists at room temperatures 
even though theoretically it may be regarded 
the unstable phase. At higher temperatures 
ticularly between 800 and 1.5007 F., 


slow ( ‘ 


sociation occurs, and a constituent, assumed 


be carbide, is gradually thrown out at the 
boundaries. The austenite is probably diss 
ated into chromium carbide and ferrite. In this 
condition 18-8 is rapidly attacked by many 
roding agents; it gradually loses its ductility 
becomes brittle, having no longer a metallic ring 


when struck; many times disintegration o« 


HOURS FOR FAILURE IN BOILING Cu SC, AND ISU, 
| Heat Treatment 


| 


| _ : 
Jemperature | Time 


+ ——_,— 





| Deg. Fabr: | Hours | 920% | 0.11% 

+ - - _ — + _—— _ + 
400 500 | none in 360 | none in 360 | none 
1 000 , | ri ne 
00 | 50! 1 | 6 | 
1 200 2min. | 18 | 1168  |\nonein! 
1200 | 500 | | ? 
1,600 1 | goo | none iin é 
1700 t | none in 600 | none in 600 | none 


NN | —_—_——_ 
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carbon as well as the high carbon chro- 

ickel-iron alloys act in this manner if 

held long enough in the range where 

inge takes place, but apparently with the 

irbon alloys a much shorter time is re- 

This is shown by corrosion results 

d in a solution containing 10 copper 

R te and 10°. sulphuric acid at boiling tem- 
re, as noted in the table on page 68 

rom these results, it is seen that dissocia- 

curred in all samples when heated above 

EF. and below 1,600) F., 


it long enough. Even the 0.06‘. 


if they were held 
carbon 
dissociated in acid after holding for 500 hr. 

il 
fests made with concentrated nitric acid at 
Ff. also show increased attack when the 
v has been heated in this temperature range, 
dicated clearly in the diagram on this page. 
ese experiments a hot rolled steel analysing 
COD, Cr 18.05% and Ni 8.95% was annealed 
the respective temperatures for the times 
shown, cooled in air, and then immersed in con- 
trated C.P. nitric acid at 210° F. Acid was 
ged every 24 hr. Cumulative losses, figured 
milligrams per sq.in. of surface are plotted 
semi-logarithmic paper. Even in a= short 
e sullicient decomposition of the austenite 
s occurred to render the samples materially 


ss resistant to nitric acid. 


Method of Annealing 


there has been much discussion as to the 
yer method of annealing these alloys and the 
at which they should be cooled after the 
eal. Above the range where austenite dis- 
ites, the carbide again goes into solution, so 
these aliovs may be annealed at any tem 
tture above this range, but at the lower tem 
itures, the time must be materially in 
ised. An experiment which proves this will 
Vv be described. 

\ steel containing 0.20 carbon, 18.11 
mium, and &.14 


if 1.200) F 


nickel was annealed for 
and air cooled. In this condi 
it was ina very bad condition to resist cor 
nh. Samples of this annealed steel were 
ealed at various temperatures and at thi 
lor failure noted in copper sulphate rea 


(10 CuSQ. and 10) HSO,). Results of 





this test are presented in the following tabk 


Reannealed Time for Failure 
Nom » ht 
1600° F. for 2 i 32 oh 
Loo | for fa) 1! fi 
1600° | for 1 hi SZ hi 
1650° F. for 2 it iS hi 
1.650° F. for 5 i 1? hi 
1650 KF, for 30 j 172 hi 
L600" F. for 1 hn 1.2586 hi 


li 
IS-S were annealed 1 hr. at 1200) F. and then 


immersed in concentrated HNQO. at 210 | 


another series of tests thre samples ol 


Losses amounting to 1,000 mg. per sq.in. of sur 

face occurred within 950 hr. for the O.075 ¢ 
steel, 320 hr. for the 0.11 C steel and 360 hr. for 
the 0.16 C steel. After these same annealed steels 
had been reannealed at 2.100) F. the total loss in 
2800 hr. was as follows: 0.075 CC, ob meg 

0.11 (. 120 meg.; 


Both sets of experiments show that the car 


hbo mye 


and 0.16 ( 


bide, which is thrown to the ‘ain boundaries 


ot 
within the temperature range of austenitic dis 
sociation, is again returned to its original condi 


tion of solid solution if heated again above this 





Corrosion of 18-8 by Hot Concentrated Nitri 
jeid After Hot Rolled Alloy Has Been Annealed 


at the Temperatures Shown 

















Spars, Ribs, and Edges of “Fleetwing” Airplane Made of Cold 
Rolled 18-8 Sheet. Small members are modified U-shape 


section, All joints spot welded. High physicals are relied 


upon without fear of corrosion 





range. If itis heated to 1,850 F. or higher, solu- 
tion occurs almost instantaneously, but it is 
clearly indicated that even at temperatures as 
low as 1,6007 F., 


place provided suflicient time is allowed. 


complete solution will take 


In regard to the rate of cooling after anneal- 
ing, apparently austenite can be brought to 
ordinary temperatures without dissociation even 
at moderate rates of cooling. This is shown by 
tests on a series of 18-8 steel sheets (18 gage) 
containing carbons ranging from 0.07 to 0.16. 
Each steel was air cooled from an anneal at 
1o50° F. 
neal at 2.1007 F. 
concentrated HNO, are practically identical for 


and also water quenched from an an- 


Corrosion rate curves in hot 


the respective heat treatments on a given steel. 


Apparently there was no dissociation of austen- 
ite in samples cooled in the slower manner. 

At slower rates of cooling, however, some 
separation of carbide may result. Strauss states 
that a O14. carbon alloy, cooled from 2,100— to 
70° F. 


tererystalline corrosion, but when the cooling 


in 4 min. showed a tendency toward in- 


time was decreased to 36 sec. there was no such 
tendency. Apparently, therefore, the satisfac- 
tory rate must have been close to ft min. 

Separation of carbide from these austenitic 
alloys produces an increase in strength. 


The results given on the curve on the op- 


posite page are for an alloy containing 
carbon, 18.380 chromium and 8.90 n 
Two classes of material were tested, hot fo 
(marked with full line) and cold {| 
(marked with dotted line). All samples 
water quenched after 1 hr. at 2,100° Fah 
then drawn for the time and temperature np 
With alloys of higher carbon content, t! 
crease in strength is of greater magnitude 
These austenitic alloys harden very 1 
when cold worked, and in this condition 
show a somewhat decreased corrosion 1% 
ance. This is shown in the curve sheet on 
72, plotted on semi-logarithmic paper. Thy 
sheet contained O0.10' > carbon and was 
rolled from a thickness of 0.083 in. to 0.009 
Corrosion medium was concentrated C.P 
acid at 210) F., 


18-8 steels also become more magneti 


changed every 24 hr. 


cold working. This is shown by the foll 
permeability tests of cold rolled samples 


Permea 
bility Rockw 
at 200 H Hard 


Phickness 
of Sheet 


Carbon 
Content 
0.042 in. 1.006 B-7 

0.029 1.08 C-3' 
0.014 1.90 C-30 
0.075 1 B-86 

0.016 D.70 C-43 

0.066 0.082 03 B-81 
0.066 0.016 3.86 C-39 
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is increase in permeability would indi- 
it cold working causes the formation of 
ferrite (which is magnetic), probably 
the planes of crystal slip in the non-mag- 
sustenite, with carbide precipitated in the 


line slip planes. 


Complete Dissociation of Austenite 


Would Require Years 


Since these austenitic allovs decompose 
heated within certain ranges of tempera- 
precipitating carbide at the grain bound- 

ries and becoming slightly magnetic from the 
sulting ferrite, it would seem that eventually 

complete transformation of austenite into 
rrite and carbide would result. The question 
is to the length of time this would require at any 

perature within the carbide precipitation 
ve is difficult to guess. Some indication may 


be had from the change in magnetic properties 


Tensile Properties of Hot Forged and Cold Forged 


1S-S O0 





7 Carbon) After Drawing for Long 

Periods at the Temperatures Shown, Hot forged 

shown tn full line (approximate average) and 
cold forged in the dashed line 
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(1S‘. chromium, & nickel, all originally non 


magnetic) after a long draw 


Pempet 

Carbs iture Lirne Condith 

O07 Lao | L711 hi N ineti 
0.07 1200 ] S068 hi St uly neti 
v.09 1200 ft s.008 hr Slightly netic 
O.11 12oo ] 008 hi Str sly mneth 
0.17 1200) | ,.068 hi Strongly igneth 
O.07 ldo l 2.387 hi Slightly i etn 
O07 Loou tf Lolo h N i etre 

Le l Le | ,316 hi Ni igneth 


After being heated for a ye riod of 3.068 hi 
some of the allovs are classed as being strongly 
magnetic when tested with a strong cobalt 
tungsten magnet. From tests made on other 
material which exerted the same amount of pull, 
it is estimated that the permeability of thes 
samples was between 5 and 6. Other samples 
which had been in service for 8,000 hr. at 900 
Ff. were still non-magnetic when tested with a 
magnet. From such data it may be said that if 
the change would go to comple tion at the range 
800 to 15007 F., it would apparently require a 
matter of some vears. From the practical side, 
however, this is not of very much concern, for 
annealing again at temperatures above this 
range would redissolve the carbide and restore 


the material to its original austenitic condition 


Austenite Sometimes Unstable 


Consequently, it is quite evident that thes 
austenitic alloys are unstable, and if heated or 
slowly cooled between 1500 and SOO” EF. the 
austenite breaks down and a constituent, as 
sumed to be carbide, is precipitated at the grain 
boundaries. Unfortunately, in this condition 
the alloy has much less than normal corrosion 
resistance and under conditions of severe sery 
ice, intercrystalline corrosion and even disinte 
vration will occur. The amount of decomposition 
which takes place is a function of time and tem 
perature, and is accompanied by increase of 
strength and some loss of ductility. If there are 
no active corroding agents present and the alloy 
is used chiefly to resist oxidation it may be used 
for services in this range (as this increase in 
strength and loss of ductility is not objection 
able). But if, for example, sulphur or com 
pounds of sulphur are present in sufficient quan 


tities, disintegration is likelv to occur 
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Jota/ loss in Milligrams per Sq.dn. of Surface 
Corroston of ( old Rolle d 18 Ss S heet f Reduce é d 


From 0.083 to 0.009 In. Thick) in Hot Concen- 
trated N ifric l< id 





Even though a particular application for 
this alloy may not involve service at elevated 
temperatures, forged sections are often used and 
welding is quite commonly used in fabrication. 


In both of these operations, some portion of the 


alloy is heated in the range where this change 


takes place. Where the conditions of service 
are not severe, it may not be necessary to anneal 
after these operations, but to get the maximum 
resistance to corrosion and for severe service, 
forged or welded articles should be reannealed. 

It is obvious that these allovs may be an- 
nealed at any temperature above 1,600) F., but 
in practice, annealing at 1,600) FF. would not be 
desirable on account of the time required. An- 
nealing at 19000 F. 


very few minutes, and where it is possible these 


to 2,000) FF. requires only a 
temperatures should be emploved, provided the 
service is such that low fatigue values are not 


objectionable. Annealing at these higher tem- 


peratures produces lower fatigue valy 
lower ultimate strength than annealing a 
temperatures, 

In order to show the effect of low a; 
anneal on the corrosion-fatigue resista 
these alloys, a series of tests was run on |] 
material of the following analysis: 0.11 
18.52'. Cr, and 8.38‘: Ni. In this test a 
ardized flexure was given the sample sut 
to cause cracking in about 100,000 cycles 
cles to cracking when immersed in vari 


agents are given in the table. 


Reagent 


ry 


1200“Annea/ |} 950‘Annea Pt 
58 400(ad 

10% salt and suger 43,200 (ad 

10% CuS0, 6nd 10% MpSQ,| 50,000(d 

Distilled water 111,000 

5% HNO; 58,400 


100.000 


5% Hoc 


50% HNO; 


In this tabulation (d) means the sa 
went “dead” at this time. This is an arbil 
test, but it well illustrates that annealing at 
temperatures gives lower fatigue values. W! 
such values are objectionable, annealin 
lower temperatures would give better res 
and in fact, would be desirable when the alloy 
used where strength and high fatigue value 
essential. For instance, material having | 
sile strength of 109,000 Ib. per = sq.in., elas 


limit of 43,300, elongation of 53°: , reductio! 


area of 71° and Brinell hardness of 227 ha 


Wohler fatigue limit of 54,000 Ib. per sq.in.. 
when annealed and water quenched from 2,10 
I., the tensile strength is reduced to 85,000 
per sq.in., and a fatigue limit of only 26,000 


per sq.in. is obtained. 


Alternative Heat Treatment 


Some of the producers of this alloy, 
with the inventors, have deemed that temp 
tures of 2,100) F. were necessary to rendet! 
alloy wholly austenitic and that water que 
ing was necessary to bring the austenit 
changed to room temperature. One of the « 
panties which pioneered the alloy in our cou 
early realized that for certain applicat 


where good fatigue values were required, 
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of heat treatment was not only unnec- 
but undesirable, and for all general pur- 


has used temperatures around 1,900 


s apparent that the alloy can be cooled 
itely slowly and still wholly retain aus- 
In practice, however, the method of cool- 
| depend largely upon the section to be 
cross-sections 
_ such as sheets, these will cool with suf- 
rapidity in air, but when heavier sections 
volved, forced air cooling or even water 
hing may be necessary. 

fhe temperature range in which austenite 
s down in the 18-8 composition has been 
Above 1,500 


ter has not been able to break down any of 


at SOO to 1,500 


allovs with carbon as high as 0.17' 


ter a long period of heating. 


periods of 
s leaves the lower temperature point unfixed, 
is it is evident that at temperatures below 800 
irbide precipitation will occur, but the time 
essary for this precipitation is very long. 
Present Status of 18-8 
lt might be well to summarize briefly the 
sent status of the 18-8 alloys. 

When these alloys are slowly cooled, or held 
tween SOO and 1,500 . a change takes place, 
hich increases the magnetic permeability and 
recipitates a constituent, presumably carbide, 
grain boundaries. Severe cold working 


itmospheric temperatures apparently 


ch takes place is directly dependent upon 
lime, temperature, and composition of the 
Heating at any temperature above this 
and cooling relatively quickly again re 
res this alloy to its original condition of solid 
ition, although at the lower temperatures, a 

long time is required. 
bons, around 0.15°7, precipitation may occur 
minutes at while with alloys 
lower carbon content, the time required ts 
{ onsequently, applications 
ice in this range, allovs should be annealed 


fabrication, if maximum corrosion resist- 





ance Is required, or if used in connection with 
active corroding agents. For many applications 
involving mild service, the selection of prope 
composition may render annealing unnecessary 
Stress also has an important influence on these 
allovs and in this respect they are similar to 
vellow brass. Parts that have been severely 
stressed in fabrication fail under some condi 
tions because of int rerystalline corrosion: ma 
terial that has been severely stressed should 
therefore be annealed. Annealing stressed ma 
terial for all conditions of service, however, may 
not be nece ssary. Hard vellow brass which Is 
susceptible to season cracking is still used with 
confidence by many engineers and without dis 
astrous results, because experience has shown 
the conditions under which it can be safely used 

Where maximum ductility is required, an 
nealing at 2,100) F. gives slightly better results, 


but annealing at these high temperatures results 





Pilasters, Window Trim and Crowning Dome 
of Empire State Building Are of 18-8 Alloy 

































































in the formation of a larger grain, unless the 
time held at temperature is a minimum. 
Where strength and high fatigue resistance 


are essential, annealing should be carried out at 


lower temperatures, because any temperature 


above the carbide separation range will put all 
the carbides in solution if held long enough. At 
temperatures as low as 1,800) F. 
time required is within practical limits. 

The following physical properties may be 
obtained in the annealed alloy. By hot working 
at lower temperatures it is possible to obtain 
greater strength. 

Hot Worked 


120.000 Ib. 
86.000 Ib. 


Annealed 
90.000 Tb. 
15.000 Ib. 


Fensile strength 
Yield point 


Elongation in 2 in Ol‘: 36° 
Reduction of area 70 52° 
Brinell hardness 135 253 


By cold rolling much higher physical prop- 
erties can be obtained than the above typical 
figures. Tensile strength of 157,000 Ib. per sq.in. 
with an elongation of 18‘. is obtained with a 
10°. reduction of area. In the form of wire, 
tensile strengths as high as 300,000 Ib. per sq.in. 
are obtained. 

I8-S has a thermal expansion about 1!. 
times that of iron and a thermal conductivity 
about '» that of fron. The electrical resistance 


works out to be just about 72 microhms per c.c. 


the length of 


This alloy has the best general co 
resisting properties of any of the com 
corrosion-resisting alloys. The data 
printed in Mera ProGress last month (p 
shows its resistance toward various subs 
A wide range of organic and inorgar 
stances was tested to obtain these data. 

Because of its excellent corrosion res 
it is suitable for a great many different a) 
tions, and because of its ductility it can b: 
ily fabricated. It can be welded by the or: 
methods and it can be soldered. It can | 
ished to a beautiful mirror-like surface 
resists normal corrosion without tarnish 
sists oxidation at temperatures up to 1,70) 
and is very strong at elevated temperatur 

These alloys are giving admirable s: 
in many industrial fields, but like all new 
terials they have been improperly treat 
in some instances resulting in failure. 
have also been used for service where they 
not suitable. Failures of this alloy which 
occurred in service have invariably been f 
to be due either to a lack of knowledge, or a « 
regard of its known properties. By way ol 
ample, a circulating system in a sulphite | 
failed by disintegration in the short period 


two months because the fabricator used i 


rect temperatures in forming the bends and 


troduced severe stresses (Continued on Page 
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1 Harold J. Steir 


Allis-Chalmers Mtg. Co., 


Milwaukee 





Pe ADDITION to the two varieties of ghost 


lines classified as “slow solidification ghosts” 


ind “ingot corner ghosts” discussed in Mera 
Progress in July, the third type we have en- 
countered is those which occur at the junction 


the 


regions of an ingot and the random crystalliza- 


f the columnar crystallization at 


tion taking place in the core. This variety will 
w be considered at some length. 
\s is well known, when an ingot solidifies 
steel forms columnar crystals which grow 
from the sides of the ingot mold. The impuri- 
s are for the most part carried in the liquid 
d advance before the ever-forming columnar 


stals 


In large ingots this advance of crystal 
wth continues for a definite distance which 
dependent upon the mold and the tempera- 
e of the metal as cast. After a certain time 
temperature of the residual liquid mass has 
led sufliciently to cause it to freeze without 
ther columnar crystal growth. As this freez- 


takes place almost simultaneously from 


us centers or neuclei, the resulting crystal- 
have no definite orientation. The central 


on of the ingot therefore solidifies with 


liom or free crystallization. A clear exposi 
of the by A. 
igren before the 1929 meeting of the British 
Steel entitled 


mechanism has been given 


and Institute in a paper 


ST, 1931 





outer 


“Crystallization and Segregation Phenomena.” 
At the the 


crystallization and the core of random crystal 


junction of zone of columnar 


lization there is a high concentration of non 


metallics and segregates. Upon forging the 
ingot, these segregates are elongated’ into 
thread-like lines which appear as ghost lines 


when the parts are machined deeply enough to 
reach this area. 

In exceptional cases the segregates may be 
distributed throughout the random crystal area, 


but usually they are predominant at the jun 


tion surface ae scribed above ‘ 


tests was made shaft 


A number of upon a 


containing ghost lines of this type. It was mad 


from a 48-in. diameter ingot with chemical 


analysis: Carbon OA6 manganese O51, phos 


phorus 0.012, sulphur Q.030, and silicon 0.165 
This ingot was hydraulicly forged into a 
and 17 ft. 


tests taken (in both longitudinal and tangential 


shaft 30 in. diametet long Pensile 


directions) from the ends of the shaft and two 


thirds the distance from the center to the out 
side surface Cave thes phvsical properties 
| if i | ‘ tial 
Yield pol | 13.000 Th i] 700 Ib. 
fensile strength SO.O00 Th 78.000 lb. 
Elongatio oO ON 
RKheduction ol rea 12 14 
Fracture Gray cul (ray cup 
75 








Fractures of Redisl Jest Bars 


LT. 
Fractures of Tangentis/ Test Bars 
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eS a ET ERR A ON 
f the Opposite Page Ils an End View TENSILE CHARDY IMPACT TEST 


17-in. Shaft After Deep Etching. Test 


r slow tenston, Charpy impact, and tm- g ] aes 
nsion were cut in three directions as Bar foot- | Elongation —— Character 
[eg 
% 


_— — 








the diagram. The large illustration . " 
ft shows that all fractures of tensile test Index | Pounds | 2INCIN Fracture 
hibit flaws. Numerical values of the ae ee | a= 
noted on the diagram or the accom 
nuing tabulations on this pad amr ae ) Radial Bars 9 r 
K./L.C YY 10.( | re Cryslé , F/8w 
Tc rr 2 one | 7 gr 1z/ / ‘4 4 
R) oe G j 6 O.. | JV UyStd € ow 
| Longitudinal Bars 
LIEC.1| 1778 | 270 | 462 | Grayécy 
TENSILE TESTS, SLOW LOADING Gael oes a | oe | Soe 
° . y fa. & . FU S 2 Ue 
. . : 1 | . 
L , | Reduction LIE. C 4G | 155 ] 25. 5 47. 6 UL8y,TCGU far cup | 
Aa Jensile Yield Elongation, of Area Character IF c 5 ones 20 A py Gra 7" od pce 
yex Strength Point * % Fracture | LUE. £02.( 9.( 46.2 | Oray irregular cup | 
a | 1LJEC.6) 195.1 29.0 G8B.5 | Grey;scup | 
Radial Bars \LJEC7) 166.5 250 | 42 | Grygap | 
46,50 1} I rystalin a’) | | 7 DT f 4 7 i ; 7 
1 wy 76 1G ~~ nak fon l. If C 8 | 18 Fo O 5 | Zé. , Uréy TTEQUIST CUL 
tal | 625 D6 / 187 | Grevtcuw | 
Longitudine/ Be | L.7E.C 91 1.0 CUO | 40% | Graygcup | 
ah 4A ~ ig | Tangential Bars 
2 /) 785 gs rey, $ cup T TF.C. J 148 0 2? 5 38 0 Gray enguile . | 
7 ' 4 4] ry; 4 Cup Tr | ) |G 
hyn ’ 37 = ; : \TTEC2| 1500 | 23.0 45.0 Gray, irreguier 
OAK , = cape ae t 
37,20 28.5 15 ay, 3 IZ IECZ| 150.6 25.0 38.6 | Orey;anguier 
Tangential Bars rVE.C4\) 1298 | 25.0 38.6 | Gray,enguier 
3.5 mY, 2D 7-3 “7 a LTEC5| 137.6 | 20.5 41.2 Grey; irregular Cur 
4 } 57 FIN 17.5 y rysteliine ; Flew ~ _ ) 7 / 
é 56,400 17.5 19 | Gray;anquier,fiew| |T.TECG| 1510 | 25 | 26. Crystalline ; Flaw 
"8 BOM 15 1g rystalline , Flew ge im, | 148.5 | 21.5 21.4 Crystalline ; flaw 
" 5 37,5 ‘ 28 VSS 4 ‘8 a | 7 | > | Aas) f; 1” y lol > 
7 an 20 5 ; ystalline aoe | l. TE. ¢ 6} 143.9 22.5 | 40.5 Gray, angular, Flew | 
: | 5 | } [ oe =? 








lhe diameter of this shaft was reduced to 17 in. lensile test bars were cut in three dire 
for a length of 18 in. at a region 3.5 ft. from each tions. Two radial bars, R.T.1 and R.T.2, and 6 
end, and the surface was entirely free from tangential bars, T.T. 1 to T.T. 6, were machined 
ghosts with the exception of this neck 17 in. to 0.505 in. diameter by 2-in. gage length. Longi 
diameter which was completely streaked. tudinal bars L.T.1 to L.T.6, were cut of standard 
A transverse view or cross-section of this size at the indicated position in the stump from 
part of the shaft is shown after deep etching in which the dise was removed. Usual physical 
the accompanying halftone engraving. A sketch properties on slow loading are given in the 
longside shows the location of bars taken tabulation. Fractures are also shown in. the 
longitudinally, tangentially, and radially from halftone engraving. 
disc of this shaft. Test bars for both tensile Radial and tangential bars show the flaws 
d impact studies were cut and marked ac- in the fractured areas. From the location of the 
rding to a simple code. bars it is apparent that these flaws are dire¢ 
Hardness of these ghost lines was deter- tional, and fracture occurred in the ghost area 
ied by Rockwell machine. Results were 78, In the fractures of the longitudinal tensile bars, 
“8, and 77 on the B scale. Compared with small dark points can be seen. These are the 
unlined material, the following results were end views of the ghost lines. 

Unlined surface, 79, 78, 76, and 78 on the From the tensile test figures it is noted that 
kwell B scale. If the diameter of ,,-in. steel the longitudinal tensile bars (or those taken in 
nting ball is considered in relation to the direction of work) show very good physical 
th and depth of the ghost lines, the B Rock- tests. It is therefore evident that crystallization 

hardness shows very slight difference be- juncture ghosts do not affect the physical prop 
n the lined and unlined surface. erties of forgings in the longitudinal direction 
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Radial T sf Bars NN hic hh Broke Vear Fillet 
Fracture Was Found To Be in a Region Where Segregates 
Thick. The microstructure shows streaks of non-met 





Were Etch 


and banded ferrite 











However, the ductility of the radial and trans- 
verse bars is greatly affected by the presence of 
vhosts or banded ferrite. 

The Charpy impact bars cut either longi- 
tudinally (L.T.C.1 to 10), tangentially (TLT.C.1 
to 9), or radially (R.T.C.1 to 3), cannot be used 
as criteria of quality, as it is only by accident 
that a segregated area is located directly in line 
with the notch or the path of fracture. For this 
reason it is impossible to say that the low im- 
pact values of L.T.C.7 and T.T.C.9 noted on the 
diagram are due to segregation. At best, the 
Charpy impact results can be claimed to repre- 
sent average values for a segregated material. 
The bars were 0.395 in. square, notched. Values 
shown on the diagram represent the energy re- 
quired to fracture, expressed in ft-lb. 

lensile specimens, 0.236 in. diameter by 2- 
in. gage length, for breaking in impact tension 
in a Charpy machine were also prepared in 
three directions, two radially (R.TE.C.1 and 2), 
eight longitudinally (L.TE.C.1 to 9), and eight 
tangentially (T.TE.C.1 to 8). Values noted in 


the table headed “Tensile Charpy Impact Tests” 
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are also misleading, because some bars 


showed a flaw in the fracture had higher impa 


numbers than others that showed an ang 


or irregular fracture. Due to the small dian 


eter of these test specimens it is questior 


whether the bar is located so as to contain a fla 


or whether it contains homogeneous steel 
any rate, it would appear that the longitud 
tensile impact values are not adversely affe: 
bv these flaws or segregation. Longitudinal t 
sile Charpy bars can also be compared to 
standard 0.505-in. diameter bars tested slo 
in tension, in that there is a gradieat of stre! 
from surface and bore to a point midway 
tween bore and surface. 

Radial tests of both Charpy impact and | 
sile Charpy bars show consistently low va 
Flow lines of the hot work are at right angles 
the center line of such bars (that is to s 
parallel to the fracture) with resulting dam 
Similarly, results of the tangential tens 
Charpy tests show inferior results but h 
slightly higher values than the radial bars 


A second example of crystallization J 
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osts was found after forging a shaft to 
finished diameter and 5 ft. 3 in. in 
Definite concentration of impurities at 

ction of columnar and random crystal- 
was clearly shown in radial tests. 

e ingot was a 38-in. corrugated, chill-cast 

ngot of the following chemical analysis: 

n OA2Ze, 


sulphur 0.029, and silicon 0.15‘. 


manganese 0.52, phosphorus 


he forging was thoroughly annealed and 

d in the rough, it then being 26 in. diam- 
(wo radial tensile tests gave the following 

Its: 

35,000 Ib. 37,500 Ib. 

73.500 Ib. 74,000 Ib. 


Elongation 30° 28 
Reduction of area 51.9 4(} 


Yield point 
rensile strength 


\fter turning this shaft to the finished di- 
nsions, this shaft was further studied = by 
king two more radial tests as follows: 

36,900 Ib. 37.000 Ib. 
73,600 Ib. 73.300 Ib 


Elongation 21.5° 22.5 


Reduction of area 42 41‘ 


Yield point 
fensile strength 


Both of these bars broke “x, in. from the 
fillet on the inner end of test bar. Upon deep 
etching, a concentration of impurities was 


definitely located there. A micrograph shows 


the structure to contain streaks of non-metallics 
and banded ferrite (top of page 78) 

Still another instance of this third type of 
ghost line was found in a forging made from an 
St-in. octagon chill-cast ingot of the following 
chemical analvsis: Carbon O11 manganese 
0.51, phosphorus O.0O14, sulphur 0.030, ) silicon 
0.167, and vanadium 0.05 

The shaft. which was of irregular turn, was 
22 ft. long and was bored with a 2)-in. hole. 
Segments of the end of this shaft are shown in 
the sketch on page SO; the turn is about 38 in 


al the ( na whi re thre test pier es were cul 


Ghost Lines Revealed 


Ghost lines were revealed in the bore: 
therefore, a ring was removed from the shaft's 
end and a series of tests made. The ghost lines 
which were visible on the machined surface 
were punch marked and one block of the metal 
was deep etched. Two views of the etched sur 
faces are shown below. Punch marks locate the 
vhost lines visible before etching; upon deep 
etching many other lines appeared. 

One series of tension test bars was cut from 
the end as marked T., T.T.. and L. (shown in 


the sketch). A further set of six bars taken 





Punch Marks Locate Ghosts Found Inside 25-In. Bore. 
5-in, block revealed many others 





De ¢p et hing this 


ot seen on a machined surface 








Cc 
WwW 
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location of Test Specimens 


TENSILE TESTS, SLOW LOADING 
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Bar | Tensile | Yield | Elongation eo Character | 
Index | Strength| Point 2 . Fracture 
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Location of Tensile Test Pieces in Bored 
Shaft, Appearance of Fractures and Phy- 
sical Properties Found by Slow Loading 





tangentially across the section is also shown: 
they were cul so their centers were 1°, in. below 
the surface. 

Tensile properties are shown in the table, 
and indicate that the ductility decreases toward 
the bore (as measured by the percentage elonga- 
tion and reduction of area). Fractures of the 
tensile test bars are also shown. 

Long chips from the bore did not break 
when the machine tool cut across the ghost lines, 


thus showing that the ghost had certain proper- 
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ties in common with the other metal surro 
ing them. 

In this forging, as in the two already 
the massing of segregates is clearly at the 
tion of the columnar crystallization and the 
dom crystallization. 

Three types of ghost lines have bee: 
scribed and their formation discussed so 
the following suggestions can be made: 

If ghost lines are to be avoided, sand-cas! 
ingots should not be used for large masses 

The formation of corner ghost lines, w 
are undoubtedly the worst form of these lines 
(due to the possibility of open fissures), 
be overcome by the proper design of the i 

It would appear that crystallization | 
ture ghost lines, even with the best of steel pra 
tice today, will occur in large ingots. Eve! 
effort should be used by the steel make 
reduce them to a minimum by clean melting 
practice, proper pouring temperature, and s 
dification rate. Realizing the presence of thes 
ghost lines in large forgings, the forge m 


should so regulate the reductions as to col! 


pletely surround the lined material with unlit 
material and so prevent an external notch eff 

Tensile properties have been shown to 
lower in ductility when a ghost line crosses 
test specimen. 

Tensile properties of the forgings exami 
were affected slightly, if at all, by the ghost lu 
when the latter are parallel with the direct 
of the test force. 

Hardness, as shown by the Rockwell t 
varies slightly between the ghost line and 
lined material. 

The microstructure of ghost line has b 


shown to differ from the main mass. 
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ALL MADE FROM 
ALLOYS OF 
ALCOA ALUMINUM 


Railroad tank cars, traffic light 
visors, pistons for small cars 


and 1000 H.P. Diesels » + ;» 


Here are tank cars that are free from the threat of corrosion. Tank 
cars which pay no toll to dead-weight, retard content-evaporation, 



























lessen maintenance costs and bring depreciation to a minimum, all 
because they are built of Alcoa Aluminum alloys. 


Carrying off heat many times faster than old fashioned metals, the 
extensive use of Alcoa Aluminum for pistons in Diesel and other 
engines insures more horsepower per pound. 

Light, yet strong and rustproof, others of these Alcoa Aluminum 
alloys can be cast into traffic light visors and hundreds of other parts 
and products. 

When modern design calls for strength, light weight, corrosion re 
sistance, ease of fabrication and low cost in combination, the strong 
alloys of Alcoa Aluminum are the logical outstanding choice. 

In designing or redesigning a product, keep in mind the possibilities 
of Alcoa Aluminum. The strong alloys of this metal are produced in 
the form of sheets, tubing, extruded and rolled shapes, rods, castings 
and forgings, screws, bolts and rivets. These can be riveted, wrought, 
welded and otherwise fabricated on standard metal working equip 
ment. Quick deliveries can be made from warehouse stocks in principal 
cities. Write for the name of your nearest distributor. ALUMINUM 
COMPANY of AMERICA; 2501 Oliver Building, PITTSBURGH, PENNSYLVANIA 
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Commercial Aluminum Piston Alloys 


Chill Castings, 'g to 14 in. Thick, Aluminum-Copper Alloy 





Typical 
Composition 


Copper 10.0 
Iron 1.2 
Silicon i). 
Magnesiun 0.2 
Aluminum Balances 





Photomicrographs 
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YOU CAN LEARN A LOT ABOUR 
NON-FERROUS METAL§ 


, 


GET SET NOW oeeaipaiiiaaa 





To Ca [ ch B ul Ss I Ti eS ~ In 1648 a copper mine was disco 


ed at Popstield, Nl assac husetts. | 
vears later the first « opper smelter y 


set up in the United States. 


on the Rebound! 


Poday., the New | ngland territ 
is one of the greatest producers 
copper. brass and bronze product 
the Lnited States. In 1927, aceordi 


to the L. S. Department of Cor 


. 7 - (_ensus ol Ni; li t ‘ ~ 
_ * VE noticed. perhaps, that you can only wear a ee — ora 


i . . New Eneland state alone produ 
pair of pants so long, then something gives. Or that a 
° ° ° ° ° 3G ol the brass and bronze plat 
tire will roll just about so many miles before it pops. , 
; ; ind sheets manufactured in the lt nit 
i ; 
Right now hundreds of thousands of pairs of Seciices SUE ol Gin: ntelad snd ob 
pants, tires, and other commodities, which have been Moys, plates and sheets; 21% of t 
doing extra duty during past months, have just about sane plates wel duactes 50% oft 
reached the end of their journeys. Their owners are j0.0 and bronye rode and bare: ¢ 
soing to have to buy. That means that business is go- “yr ay CRD ey WONCreT are 
; 0 ass ( sei (ss ! 
ing to receive a tremendous impetus in the up diree- oO ) 
: Ing and pipes: ot % ol copper seam 
tion soon. (nd when it does are you going to be onar 
tubing and pipe: and 90% of the b 
all set with the latest ideas, ready to catch it on the hernen col Tinian wien oud diite ans 
rebound? Q7 


state produe es 160% ol the eountry 
Now is the time to introduce into your plant all plated ware (silver, nickel silver, et 


the new ideas that the past vear has developed ideas , 
. . ° . ° . ‘ ' Nlany of the world’s largest plant 
for improving production, ideas for cutting manufae- 
; c ; : C producing brass, bronze and coppet 
turing costs, ideas for redesigning products for greater 
ce ist ' ata products, are located within a few 
efficiency and more 3S. A. (sales appeal). They are 
. hours. automobile or train ride 


Boston. the 1931 NATIONAL Mil 
TAL CONGRESS city. Plan now to 


ideas that will help you toa fresh, vigorous start 
help vou to catch business on the rebound. You'll 


find hundreds of them at . 
visit some of them while in Boston 


during the week of September > 4 


NATIONAL METAL CONGRESS hese technical societies co-operat 


to make NATIONAL METAL CON 
GRESS and NATIONAL METAI 


NATIONAL METAL EXPOSITION EXPOSITION 


TO BE HELD ON 


AND 


the world’s ereatest 


annual event in the metal industries 


COMMONWEALTH PIER, BOSTON American Welding Society 


sti e of etalis Vision, I 
SEPTEMBER 21, 22, 23, 24 AND Q5 vc,’ gulecaataimall mimes 


Iron and Steel Division, A.1.V..1 


OVER 200 EXHIBITORS OVER 60.000 SQ. FT. OF EXHIBITS 


OVER 40 TECHNICAL SESSIONS Machine Shop Practice Division 


MAKE YOUR PLANS NOW TO ATTEND A.S.M.E. 


Iron and Steel Division, A.S.M.1 





American Society for Steel Treating 











Correspondence 


and foreign 


letters 


R d Turin, Italy. In some. of 
avonm «arm . 


mv previous letters I have 
Nitric Acid yi 


l! ’ quoted a few facts about the 
se lialy Ss . , : 
rapid expansion in produc- 

Aluminum tion of light metals and their 
alloys which has taken place 
in Italy in the last few years. The reasons were 
ilso indicated why our development. started 
iuch later than in other countries even though 
e natural conditions are very favorable for 

special branch of metallurgy in Italy. 
It should be of interest to report a few data 
werning the principal lines which are con- 
ming the rapidly increasing tonnages of light 
etals produced annually. Only a minor part 
the production is exported. 

Aluminum and its alloys are now used in 
ch larger quantities than magnesium alloys. 
is worthy to note that in Italy as elsewhere 
applications of the magnesium alloys are 
cloping with wonderful rapidity. 

As is well known, the commercial utility of 


re aluminum is limited by its poor mechani- 
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cal properties. Nevertheless, the special indus 
trial conditions prevailing in Italy in recent vears 
have caused the consumption of pure aluminum 
to increas¢ by leaps and bounds in one of the 
tvpical fields where the pure metal is used 
namely, the chemical industry 

During the last ten vears the Italian chem 
ical industries have grown very rapidly; fastest 
among them are those very branches of the 
industry using the largest tonnages of pure 
aluminum namely, the rayon industry and 
the manufacture of svnthetic ammonia and syn 
thetic nitric acid Without relating tedious 
statistics, two figures may be quoted to give a 
veneral idea of the situation. In 1919 the annual 
production of rayon was below 2,000,000) ke 
while ten vears later it had reached 32,000,000 
ky. This is the second largest output of any 
nation, immediately following that) of — the 
United States (55,000,000 ke. in 1929) and sur 
passing considerably the third (Germany at 
26,000,000 kg.). Tonnage of synthetic ammonia 
and nitric acid grew in about the same propor 
tion as did rayon. 

This explains why the new Italian alu 
minum factories have given special attention 
to the regular production of metal of the purity 
required by the above industries, which have 
been able to absorb a good part of their pro 
duction. The normal degree of purity generally 
cuaranteed hy our factories for such purposes 
ranges between 99.7 and YO.B85 above the or 
dinary limit of the Hall process. 

A very different state of affairs has been 
witnessed in another field; that is, in the man 
ufacture of cables for overhead electrical trans 
mission lines, an important outlet for pure 
aluminum in other countries. 

Until 1928 fairly large tonnages of pure 
aluminum had been used in Italy for the manu 
facture of high-tension electric cables Mixed 
cables of pure aluminum and steel wire were 
adopted for the first Italian overhead transmis 
sion lines in which light metals had to be used 
in place of copper. But very soon the serious 
disadvantages of this tvpe of cable were dis 
covered, especially in the corrosion ph nomena 
taking place in the bi-metallic system, and in 
the mechanical difliculties due to the differences 
of the modulus of elasticity of aluminum and 


ol the ste el core 
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Foreign Letters 


In 1928 the Societa Elettrica del Cismon 
built an experimental line using cables of a 
special aluminum alloy known commercially as 
This line was about 100 km. long and 
Such 


“aldrei.” 
transmitted electricity at) 155,000) volts. 
excellent results were obtained with this first 
line that the use of “aldrei” rapidly extended, 
especially for lines carrying electricity at very 
high potentials (up to 220,000 volts). For this 
reason composite cables of pure aluminum over 
steel cores are now given scant attention. 

This application of pure aluminum having 
been discarded, it results that at present the 
applications of unalloyved aluminum in some- 
what large tonnages are limited in Italy to 


household articles and implements for the 
chemical industry. 


Frepertco GIoLirTi 


In Mervrat. 


Procress for June, the man 


CAMBRIDGE, Mass. 


Steel Made 
W if L out 


ufacture of “Ductile Steel 
Manganese Made Without Manganese” 
is described in the editorial 
columns, page 69. The contention appears to 


be that only through the use of zirconium as 
deoxidizer (or of silicon-zirconium alloy) can 
satisfactory manganese-free steel be produced. 
Reference is made to the steel industry having 
known “ever since Bessemer’s early failure 
with steel from British pig iron that it is im- 
possible to make good steel without) man- 
vanese.” 

The necessity of deoxidizing the steel bath 
at the end of the refining operation is indeed 
imperative, and it is true that the general belief 
has prevailed that manganese was indispensable 
for that purpose. 

Such beliefs, however, should have’ been 
dispelled many years ago when the American 
Rolling Mill Co. started the commercial man- 
ufacture in the open-hearth furnace of a metal 
so low in carbon that it is generally classified 
Although 


as iron. at the end of the refining 
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operation the bath is exceedingly oxidiz 
manganese whatever (nor zirconium) js 
and the resulting product is ductile, of 
quality, and manganese free, thus disp 
the contention of the editorial in the Jun 

Phe claim that zirconium improves, fi 
tain purposes, the properties of manganes 
steel may be justified the claim. tha 
conium is necessary to produce such steel 


not be justified. 


ALBERT SAUVE! 


Paris, France. Even T y 
empering, 


though it is well known that 


we musl take care not to Aging and 


veneralize too hastily about Annealing 
particular occurrences, — it 

mav happen that certain phenomena, 

were considered to be exceptions to the g 
rule, when observed for the first time, | 
later to be the first known examples of a ger 
principle having interesting and numerous 
plications. 

When Wilm observed in 1910 the sy 
taneous hardening at room temperature ot 
minum to which was added a small proport 
of magnesium, he considered it to be a uniqu 
remained 


occurrence, especially since 1 


It was explained much later whe 


enigma. 
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Change in Hardness of Quenched Alloy 
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Time-Hardness Curves for Quenched A 
In Unstable Equilibrium. Reheating 
perature ts progressively higher for 
ceeding numbers for age hardening of 
and other carbon steels 


the 
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nee of the chemical compound Mg.Si was 


vered, and when the nature of hardening 

made clear. 

Modern theory utilizes two new generaliza- 

s that were previously considered to bye 

ted cases: 

First, the elaboration of alloys by intro- 
a definite chemical compound into the 

cipal metal; 

Second, hardening by means of a compo 

in an extremely divided state, precipitated 


a solid solution. 


lt is true that the presence of troostite in 
rd steels was a known and important example 
iardening by means of controlling the struc 
ral condition of the alloy that is, a change 
hardness dependent upon the fineness of the 
article mixture without any chemical change 
the constituents. Magnification of the size of 
i particles by their coalescence into globular 
irlite provoked a marked softening. 
But the discovery of light alloys enabled a 
ery wide generalization to be made. We now 
now that hardening can be achieved under the 
llowing conditions: 
First, the existence of a solid solution sat- 
ited with a constituent M, the concentration 
which increases with the temperature. The 


lubilitvy curve of M (when it is in a solid state) 


herefore bends towards the increasing concen- 


ition as the temperature rises. 

second, by means of rapid cooling, keep 
excess of M in solid solution. In other words, 
lain a supersaturated solution by quenching 
hot metal. 

Phird, precipitate from the supersaturated 
lution the excess of the constituent M in very 

particles an effect of tempering. 

Both the speed of precipitation and the 
erage dimensions of the particles increase 
th the tempering temperature. A definite 
Inperature as a minimum must be reached 
fore the operation becomes possible; a certain 
ther temperature is necessary for it to pro- 


ed at a commercial rate; on the other hand, 
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a certain temperature must not be attained and 
the operation must cease before the forces of 
coalescence enlarge the precipitated particl s to 
such an extent that a softening occurs 

from a general point of view, the variation 
of hardness as a function of the time, unde 
higher and higher tempering temperatures, may 
be expressed in the accompanying curves num 
bered 1 to 7, which corre spond on the figure to 
increasing temperatures. 

At first a slow and continuous hardening 
occurs, noted in curve 1 At slightly higher 
tempering the hardening seems to reach a limit 
and the time-hardness curve is approximately 
horizontal (curve 2). Such phenomena = are 
called aging (vietllissement in’ French, and 
lelferung in German. In my opinion these words 
are wrong, because in its commonest sense 
when applied to mankind they do not express 
an improvement in qualities, vet these treat 
ments aim precisely at the improvement of the 
material properties. “Seasoning” would be a 
better word in English, or Vergititung in Get 
man.) 

Hardening of a quenched alloy of — the 
variety under discussion will increase more rap 
idly when held at higher temperatures lt 
reaches a maximum in curves 3. 4, and 5 and 
then goes down as the time is prolonged In 
contrast to aging, this phenomenon is ordinarily 
called tempering 

When cpu nehed specimens are r heated to 
still higher t mperatures there liappe ns another 
phenomenon called) annealing, indicated by 
curves 6 and 7 

In fact, these seven curves mark different 
aspects of the same phenomenon a return to 
a physico-chemical equilibrium. Under increas 
ing temperatures, a tendency toward structural 
or coalescent equilibrium is also added. Curves 
presenting a maximum (numbers 3, 4. and 5) 
result) from combinations of two curves. of 
tvpes 2 and 7. 

A more thorough and accurate study of an 
equilibrium diagram usually brings forth new 
examples of the type of solubility curve «ce 
scribed at the outset, and the phenomena of 
structural hardening (variations in hardness 
due to changes in particle size) 

The great interest in this aspect of metal 


lurgyv is the fact that very small additions to the 
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metal are sufficient, as the degree of hardening 
does not depend upon the proportion of a hard 
component present, but upon its state of dis- 
persion. For this reason a metal can be hard- 
ened somewhat without making a correspond- 
ing or even important change in the density or 
electric resistance or the corrosion resistance of 
the non-tarnishing rare metals. Systematic 
studies, directed by these principles, have de- 
veloped high-strength light alloys (such as Al- 
Cu and AIl-Mg-Si), high-strength conductive 
allovs (such as Cu-Be and Cu-Ni-Si), and alloys 
resistant to wear for the dental art (such as 
Au-Ni and Au-Cu). The additions may be not 
only metals but also definite compounds formed 
with metallic or non-metallic elements. 

Examples of the structural hardening of 
ferro-nickel gas engine valves (or complex 
ferro-nickel with Cr or W) may be cited; the 
process involves the addition of small quantities 
of Al, Cu, or Si, and by controlling the quench- 
ing and tempering operation. 

Study of the solubility of carbide and_ ni- 
tride in alpha iron as it changes with tempera- 
ture gives a clear idea of somewhat abstruse 
and hitherto unexplained phenomena such as 
mechanical and magnetic aging, tempering brit- 
tleness, and alterations under the action of 
cupro-reagents, 

All of these facts support the statement 
made at the outset: What was previously an 
isolated case is now become a rule, whose ex- 
amples and applications will be unending. 

ALBERT PoRTEVIN 


Internal CANNstart, Germany. — Work- 


Stresses ing or over-all strength = of 


im Steel 


hardened or tough-annealed 
steel parts, especially of large 
sizes, is influenced consider- 
ably by internal stresses in the material. Such 
stresses are due to a differential change of the 
form or the volume of its separate parts. They 


can be caused either by mechanical working 
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(such as forging, rolling, or cold drawi 
by a difference in the rate of heating or « 
during the hot work or heat treatment 
obvious, for instance, that the surface of 
on quenching cools at a much faster rat 
the core. 

Most frequently these internal stresss 
within the elastic limit of the steel and 
therefore often neglected by the designir 
vineer, even though the unbalanced 
result in enough warpage to require a 
straightening operation. Sometimes, as fo 
stance, by a rapid quench from high tem) 
tures, the internal stresses are big enoug! 
fracture the hardened part as every hard 
knows to his sorrow. But even in less di 
quenches where fracture does not occur, int 
nal stresses of important magnitude may 
present, with the result that the safe stre: 
in service is correspondingly lowered. 

In Germany it has even been recommend 
that large sized forgings should only be m 
of plain carbon steel, annealed after the for: 


operation. Forgings of tough-annealed all 


steel may possess such great internal stresses 


that the margin remaining for working stren 
is smaller in absolute value than though 
part had been made of plain carbon steel. T! 


may be true, in spite of the fact that the all 


steel part is twice as strong as plain carbo 


steel, when calculated on the basis of sma 


tensile bars showing ultimate strengths of 
many kilograms per square millimete! 
pounds per square inch. 

How large are these internal stresses? ( 
they be measured? What is the proper le 


treatment to reduce them to a minimum? 


Methods for their determination have be: 


based on removing material in successive cul 


from large pieces of steel, measuring the wat 
ing, or other changes in form, and then co! 
puting the stresses required to produc: 

equivalent bending in a piece of the same s! 


Another method has been to cut a smaller pi 


from a large part, and after measuring U 


changes in form, determine (by the princip! 


of mechanics) the corresponding stresses ! 


\ 


leased. Some reasonably reliable results hay 


actually been obtained by methods of this ki 
but they are obviously very expensive and slo 


especially if systematic research work is to 
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on the influence which different heat treat 

s have upon internal stress. 
\ new method has recently been developed 
R. Mailander. He determines the decrease 
internal stresses caused by tempering at 
ising temperatures; by plotting the results, 
xtrapolates back to the original stresses 
sent in the quenched piece. The drawback 
the method is that the determination is lim- 
d to stresses in one direction, whereas the 
resses in a large forging, for instance, appar- 

tly are three dimensional. 

\ proper account of the theory of the new 
ethod and the execution of the tests would be 
o lengthy to publish here. Workers interested 

n the details are referred to Mr. Mailinder’s 
rticle on this subject in Stahl und Eisen, May 
%. Briefly, the procedure is based on a study 
the flow of material in standard test pieces, 
serted in an ordinary testing machine; the 
st pieces are held at different temperatures by 


means of a surrounding electrical heating unit, 


subjected to various loads for a varving length 
1 time Permanent and elastic elongation are 


letermined for different temperatures. 
In most of the experiments the results 


btained by this and the older methods for de 


rmining internal stresses show reasonably 
od correspondence. One specific instance 
ivy be quoted: A steel containing 0.22°. car 
nh, 2 nickel, and = 0.75‘ chromium, 


enched in oil from 1,550° F., tempered at 
“) TF. and quenched in water, possessed in 
ial stresses on the order of 60,000 Ib. pel 
nu. Samples of this steel after tempering at 
"MO KF. for 2 hr. had the stresses reduced to 
ut 20,000 Ib. per sq.in. (when determined by 
old method) or about 27,500 Ib. per sq.in. 
hen determined by Mailander’s method) 
reasing the tempering time to 10° hr. re 
ed the internal stresses further, the residual 
ess was then somewhere between 9,000 and 
M0 Tb. per sq.in., depending on the method of 
termination (old or new, respectively) 


In other tests the agreement between va 
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ues Obtained by different methods is much 
closer, but this example was chosen in ordet 
to show the large stresses that sometimes exist 
These forgings in question were quenched in 
water after the first tempering operation. to 
avoid temper brittleness existing after a slow 
cooling in the furnace This quench actually 
corresponds to the procedure sometimes en 
countered in commercial practice. (It may bi 
mentioned in passing that some German steel 
makers now claim to have developed a steel 
quality where this temper brittleness does not 
occur.) ‘Tensile strength of the steel mentioned 
above in the tough-annealed condition is about 
200,000 Tb. per sq.in., vel when it is put to work 
with internal stresses amounting to 30 of the 
total strength, it may be readily realized that 
these internal stresses become a matter not only 
of theoretical but also of considerabl practi al 
Importance. 
Kk. W. EN 


Vanadium 
Steel From 


Senna, Japan. Kuli 


sponge iron, which is 
made by reducing titan . | 
Sponge rapes 
iferous iron sand with 

“semi-coke” in a rotating 

furnece of the Wedge tvypx (cle Siac d by Andes 
son-Thornhill), contains 50 metallic Fe, 30 
FeQ, 15 rid... 


profitably used as scrap in steel making. Steel 


and 0.2 V. and so cannot be 


obtained from this sponge iron by an ordinary 
method of working in an electric furnace con 
tained a considerable amount of phosphorus; 
hence to obtain a vanadium steel low in phos 
phorus, it was necessary to devise some modifi 
cation of the method of steel makin 

It is well known that although vanadium 
can be reduced by using a strong reducing slag, 
the phosphorus is also reduced and enters the 
steel. On the other hand, phosphorus ts more 
reducible than vanadium at operating tempera 
tures. and so Kk. Ueno utilized this difference 
for obtaining a marketable low phosphorus 


vanadium steel 


First he makes up a reducing slag in an 
electric furnace and ratses its temperature; in 
this wav a greater portion ol phosphorus comes 


into the steel, while the most of the vanadium 


is contained in the slag. which is then skimmed 


oY 





LG  -  Ie A methods of producing iron sponge. Mr. G 
son made the interesting statement that 

FE orel gm L etters rations are being made for building a p! 

the near future for the production of 


RETREAT EN  m sponge on a full industrial scale. No d 


have so far been communicated about 





off and preserved in a ladle. Next, iron ore project. 


and lime are added to the furnace to make the A hopeful sign for the future is als 


slag oxidizing and thus the phosphorus in the active cooperation of many Swedish steel 


steel is largely removed. Finally, the phos- in research work fundamental to the fur 


phorus slag is replaced by the first slag; by development of this industry. 
adding coke into the furnace this slag is now lhe technical papers read and the dis 


made strongly reducing. Thus the vanadium in sions following them gave a strong impres 


the slag goes into the steel, and a vanadium steel of the systematic efforts now being mad 


containing a low phosphorus is obtained. This lower the costs of production by means 


steel contains 0.085% P, 0.10 to 0.15% V, and “rationalization” (or the consolidation of all 


0.10 to 0.15 Ti; it possesses good mechanical interests into a large corporation), by effect 


properties when properly heat treated planning and production control, as well a 
Koraro Honpa employing the latest discoveries of scienc: 
A paper read by Robert Larsson of 


Hofors Steel Works (owned by the S.K.F. B 


ws ee STOCKHOLM, SWEDEN. Bearing Co.) concerned the changes in orga 
f s dich On May 30 the annual zation made necessary by the fact that 
o Iwedis ; 
: meeting of Jernkontoret Swedish steel plants have of late vears bes 
Steel Plants was held in Stockholm. to produce much more finished and semi-t 
This general meeting for ished product than previously. The output | 
discussion of common problems constitutes the in this way become much more difficult to c 
most important gathering of Swedish iron and trol and inspect, and the speaker recommended 
steel men during the vear. the organization of a special department, thy 
G. KF. Goéransson, managing director of object of which should be to control the smoot 
Sandviken Steel Works, as chairman of the coordination of all the different departments 
meeting, gave the usual analysis of the general of the steel plant, those concerned with the d 
situation within the industry. In spite of the rect production or with maintenance and repa! 
fact that the world-wide depression is strongly as well as those occupied with purchase of 1 
felt, in several respects the Swedish iron and materials and selling. 
steel industries are now better prepared than r. Berglund read a paper on the us 
during the last big crisis (1920 to 1923). In the \-ravs for the testing of materials, and final 
intervening years a necessary consolidation of \. Anjou spoke about the importance of gal! 
allied interests has taken place and many tech- ering statistics about the heat consumption 
nical improvements have been accomplished. the various units in iron and steel prants. 
Great hopes are entertained for the new Einar OHMAN 
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By W. E. Stine 
Research Engineer 

Lincoln Electric Co 


Cleveland 


analysis of steel for 


WELDING 








OMMERCIAL applications of automatic are 
welding are consuming such a large ton- 

e of steel, especially in making pipe, tanks, 
ind boilers, that considerable research has been 
ndertaken to determine the weldability of va- 
steels. Specification bodies have also 
turned their attention toward establishing this 
modern method of manufacturing on a more 
scientific basis. As a contribution to this move- 
ment, an investigation has been carried on by 
he writer's company for several vears which 
is brought to light several vital factors which 
lect the weldability of steel. It is believed 
it good correlation has been established be 
en the chemical analysis of plain carbon 

| and its weldability. 

In conducting this research, the Lincoln Re 
ch Laberatories subdivided its effort along 
( lines, as follows: 

(a) Metallic are welding with bare or 
shed electrodes. (By “washed” is meant a 
ering on the order of 0.01 in. or less.) 

(b) Metallic are welding with special elec 
des which provide a completely shielded are, 

Ss preventing oxidation of the weld metal. 
(¢c) Carbon are welding with a completely 
lded are. 

In the two metallic are processes a and b 
trode material is added to the plate material 


forming a weld. The resultant weld metal 
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is therefore a composit of metal from two 
sources. As a simplification and for the purposs« 
A weld can 


thereby be made using metal of the plate ma 


of this article, process c was used. 


terial exclusively, and the interpretation of the 
results is not complicated by any electrode o1 
filler metal. Furthermore, the process is com 
pletely automatic, which eliminates any vari 
ables from the personal equation of the experi 
menter. 

We used a modification of the carbon are 
process known as the “Electronic Tornado.” Its 
essentials are illustrated in the accompanyvin 
illustration. A is the carbon electrode extendin 
through a terminal for the electric current and 
ending just above the plate to be welded B 
is an iron core with a= protective coverin 
through which the electrode passes, and which is 
magnetized by suitable surrounding coils. It ts 
found that a magnetic field induced by a direct 
current in these coils stabilizes the are and also 
creates a desirable vortex motion in the molten 
puddle. Tube © conducts an “autogenizer” into 
the are when this is desired. This autogenizet 
is a fibrous cord impregnated with fluxing ma 


terials: its combustion effectively shields thi 


molten metal from surrounding oxvgen, and thr 


fluxes melt into a slag which excludes nitro 
and also absorbs particles of non-metallic im 


purities from the molten metal \ motor JD) 








feeds electrode and autogenizer at a correct rate. 
Suitable motor-driven equipment moves. the 
work past the welding heat (or vice versa) at an 
adjustable rate. 

One-half inch plates and bars of commer- 
cial metal, conforming to many A.S.T.M. and 
S.A.E. specifications, were secured from the steel 
manufacturers. Their hearty cooperation en- 
abled us to know not only the ladle analysis 
but the manufacturing process (including data 
on the amount of deoxidizers used in the ladle 
and ingot mold). In our studies on weldability, 
the are melted a furrow down one side of the 
plate (it being thick enough to prevent complete 
penetration). Surface appearance, fracture, 
and microstructure of the bead or weld were 
then recorded, together with data on electrical 
conditions, and speed. When the most satis- 


factory combination of circumstances was de- 


termined, welded joints were made and 

Of this mass of data only a brief rey 
the findings and the conclusions regardi 
chemical composition of steel for carb 
welding can be presented here. 

When defects do exist in welds, th 
in general as follows: (a) Oxides and ni ‘ 
(b) gas holes, and (c) slag pits. 

Inclusions of oxides or nitrides in the 
metal (the first category of defects) are | 
confined to metallic are welding with be 
washed electrodes, and any other welding 
ess not employing a completely shielded a) 
that is, some method which effectively pre ts 
absorption of oxygen and nitrogen fron 
atmosphere. 

Gas holes or slag pits are usually ascribed 
to the use of an unsatisfactory grade of stee! 


the job to be welded. It has been found 








in Automatic Welding Machine Using the Carbon Arc Process 
Eliminated the Personal Element and Any Variables from 
Electrode 


Wire 
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is holes may result from gases contained 
tid metal, produced by the oxidation of 
n the metal and released from the solid 
iring the welding process, they may also 
sed by gases absorbed by the weld metal 


e ambient atmosphere and expelled from 


tion during subesquent freezing or solid- 


e research has revealed that many addi- 
mpurities, and alloying elements used in 
iffect the of the 


s gases present during the welding proc 


solvent power steel for 


Some of these elements are not limited by 
sual steel specifications, and therefore two 
f{ steel purchased under the same com- 
ial specifications may have quite different 

characteristics. Some of the elements 
din plain and alloy steel which may affect 
for gases are: Aluminum, 


solvent power 


carbon, manganese, titanium, nickel, 


idium, chromium, and molybdenum. 


In general, commercial low carbon. steel 
ny a carbon content below 0.15‘. ) will 
rb gases very rapidly at temperatures of 
velding. When such steel is welded, con 


from the ambient 


ible 


sphere are absorbed by the molten metal. 


quantities of 


Las 


s therefore essential that welds in such steel 


ompletely shielded during production. The 
mpanving illustration shows a weld pro- 
ed in dead soft steel; one-half of this has 

produced by a completely shielded are 


two deoxidizers most commonly used for 
tonnage steels) have a neutralizing effect \ 
silicon content above 0.1 such as mav be 


found tn a medium carbon killed steel, may pro 


duce unsatisfactory welds unless there is a cet 
fain proportion of aluminum contained in the 
steel. Conversely, if the steel contains more 
than 0.01 aluminum, a poor weld may result 


unless the steel also contains a correct propor 
A photograph shows a weld in a 
Accord 
the rat 
ladl 


and 


tion of silicon 


steel having a high aluminum content 


ing to the manufacturer, aluminum at 


ol one pound per ton was added in thi 


Doubtless some part of it was oxidized 


slagged off before melting, but also we have no 


doubt that some part of metallic aluminum ts 
Chemical analyses trom 
but 


alloved with the iron. 
different 


owing to the difliculty of quantitative determina 


two laboratories indicate this, 


tions of a few hundredths of a percent of alum 
results do not check 


that 


imuma, the 


It is 


well known aluminum-bearing 


steels are effectively nitrided, so it mav be that 


the blow-holes are formed by nitrogen absorbed 
by the molten metal At anv rate, bad as this 
weld appears, this steel can be welded with a 
sound, dense joint by properly shielding the 


are during the operation 
If the 


have a melting temperature between 1,600 


steel contains slag inclusions which 
mad 
before tre Z 


Alumina 


2500 CC. thev will melt. coalesce 


ing, and form slag pits in the weld 








ind the balance of the weld, full of gas holes, (ALO) isa tvpical ‘ sample of such slag mate 
s produced by an unshielded are. rial, usually resulting from deoxidizing § steel 
lt appears that silicon and aluminum (the with aluminum metal. One steel, containing 
1f the Middle of the Weld in Dead Soft Steel Shown at the Left, the Shield Was Remove 
lowing the Hot Puddle to Absorb Atmosyheric Gases Which Formed Blow-Holes Vetal de 


vidized with excess aluminum produces the por 


us weld on right unless hot puddle is shielded 























Slag Holes Alongside the Weld at Left Character 
ize a Carbon Steel Containing 0.03° 11.0;. Alf 
carbon and 


right is a steel containing 0.20' 
0.021% silicon welded with completely shielded 
arc. The weld has a smooth appearance, the 
metal is sound and fine grained in microstructure. 
Its ductility ts equal to the parent metal and its 
ultimate strength considerably higher 





0.03°> ALO, in the form of non-metallic impuri- 
ties (steel mill analysis) was welded with the 
result that a series of slag holes occurred along 
the edges of the weld. 

from the above brief mention of the ap- 
parent difficulties encountered in welding steel 
of various analyses it would appear that where 
sound, tough welds are desired, only certain 
grades of steel should be used. This conclusion 
is not exactly correct, as it has been found that 
by proper welding procedure with a completely 
shielded arc, and in some cases with the addi- 
tion of a corrective autogenizer applied at the 
joint being welded, welds of good physical 
characteristics can be produced in many grades 
of steel that would otherwise give unsatisfactory 
results. 

It should be clearly understood that all 
commercial grades of steel are weldable. How- 
ever, welds in steels where the analysis is prop- 
erly adjusted undoubtedly have better physical 
properties and perform better under various 
tests than welds in other grades which are pro- 
duced without having this use in mind. Thus it 
can be readily understood that even two lots of 


steel of the same grade produced by the same 
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maker at different times may show sx 
vergence in welding qualities. The coo) 
of the leading steel producers in this 

will eliminate this condition, which is 
means serious, but is, however, troubles 
times until the welding characteristics 
steel are ascertained by the fabricator 

welding procedure is corrected accord! 

A curve is presented herewith whi 
useful information on the chemical com, 
of low and medium carbon steels whic! 
optimum welding characteristics. It ine 
the fact that aluminum (excess metal f: 
deoxidizing or quieting operation) sho 
held to the minimum. Aluminum oxid 
the reaction is also to be minimized. Sili 
rimmed basic steel will ordinarily be lowe: 
the figures noted; in killed steel ordinarily 
higher, so it too should be controlled to a 
medium. Manganese is less damaging in me: 
carbon steels but should be on the low s 
the permissible range on soft steels ( 
less than 0.20°). 

If a certain steel has average physical proj 
erties to meet certain requirements, and must 
also be welded, it should be of great valu 
the steel producer and fabricator to know 
close limits the chemical analysis which pos 


sesses the greatest weldability. 





Lincoln-Stine Equilibrium Curve Showing 
Relation Between Aluminum, Silicon, and M 
ganese in Carbon Steels to Produce Metal of | 
Welding Characteristics by Carbon Are Pro 
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IT COST BILLIONS 
OF DOLLARS TO BUILD 


CENTS 


FEW 


YET YOU CAN USE IT FOR A 
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l.\ERY TIME you telephone you share the bene- country. It knows no rest or sleep, or class or creed 
s of a nation-wide communication system using All people—everywhere—may use it equally. Its 
ghty million miles of wire and employing tour very presence gives a feeling of security and con- 
lred thousand people. It represents a plant fidence and of nearness to everything. Many times 
stment of more than four thousand million during the day or week or month, in the ordinary 
s, yet you can use a part of it for as little —_ affairs of lite and in emergencies, you see the valu 
five cents... for considerably less on a monthly of the telephone and realize the indispensable part 
rvice basis. it plays in every business and social activity. 
The organization that makes efficient telephone Che growth of the Bell System through the past 
vice possible is called the Bell System, yet it is as fifty-five years and the constant improvement in 
service may well be called one of the great achieve- 
ments of this country. Greater even than that are 
the policies, improvements and economies that 
possible at such low cost. 
buy, probably none gives 


y yours as if it were built specially for you. For 
make this service 


very telephone message is a direct contact between 
Of all the things you 
so much for so little as the telephone. 


and the person you are calling. 


* 


} 


\t any hour of the day or night, the telephone 


nds ready and waiting to carry your voice to any 
of twenty million other telephone users in this 
COMPANY 
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Producing... 
Non-Oxidized Annealed 
Products at Low Cost 


is successfully accomplished with this gas fired 
Rockwell furnace. Equally well suited to elec- 
tricity or oil, and it is adapted to a wide range 
of operation for annealing punchings, stamp- 
ings, forgings and light castings of non-ferrous 


metals on a production basis. 


The metal parts to be heated are automatically 
moved from a hopper at the charging end and 
spread in a thin layer on an alloy metal con- 


veyor enclosed within the heating chamber. 


After heating, the stock is continuously trans- 
ferred to another conveyor operating within the 
cooling zone from which it is discharged uni- 
formly annealed in substantially cold condition, 


without oxidation. 


Heat is applied directly to the bottom of the 
conveyor and upward through the moving 
charge to ensure uniformity and speed. The 
rate of heating, and cooling, may be varied to 
suit the nature of the charge with a self-con- 


tained motor-driven speed regulator. 


Write for Leaflet 306C. 


W. S. Rockwell Company 


Heating Equipment 


Electricity » Gas » Oi; » Coal 
50 CHURCH ST. «Hudson Terminal Bldg.» NEW YORK 


Chicago, 537 So. Dearborn Street Cleveland, Penton Building 
Indianapolis, Postal Station Building Detroit, Majestic Building 
Montreal, 1072 Beaver Ha'! Hill 


Industrial 











96 


— 





Nature of “cree,” 
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and the time-twist curve obtained over a 
of 100 hr. The deformation approached a 
ing value where further twisting would 
the curves were of the same form as th 


Whether this li 


no further deformation was actually reac] 


loading curve on page 56. 


100 hr. can only be determined by great 
curacy than was at our disposal. 

In curve D on page 57 the total tw 
100 hr. has been plotted against the load 
caused it. The data determine a special s| 


beh 


a certain load, and practically coi: 


strain curve, and indicate an elastic 
below 
with the elastic portion of a curve for the s 
steel and the same temperature made by 
ping up the loads at long intervals. 

This result supports the idea that “er 
and elastic hysteresis, if not the same, are cl 
It is to be understood that this p: 
the 


within 


ly related. 
strain harde 


the 


ably holds only within 


range and for loads proportio 


limit for the rate of loading and the temp: 


ature of test. 


A mathematical study of the time-ty 
curves may lead to the conclusion that two « 
fects are at work, from the fact that to 


fatter portions of the curves on page 6 
formula can be applied but the steeper port 
requires a second. Also, it is possible to d 
termine mathematically the limiting defor 
tion values which the curves approach, and | 
use these values as the total deformation val 
the conside! 


and loads 


the 


for temperatures 


| 


A discussion of mathematics of 
curve Is bevond the scope of this paper and | 
knowledge of the author, but it would seem t! 
after some preliminary experiments have b 
run to determine approximately the strain ha 
time-twist t 


ening temperature limit, a few 


run to 100 hr. would produce the raw mate! 


from which a curve could be drawn such as | 


last one in this paper, and which would 
the data on creep which the engineer des 


for safe design of important equipment. 
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For Rapid, Efficient and Economical 


CASE 
HARDENING 


USE Ki 


Not economy alone.— but economy together with 
ease of application, speed and efficiency is offered 
with R&H Cyanides. 
Simple control of the case hardening baths... 
dependability of cyanides of guaranteed strength 
. rapid production of a hard, durable case .. . 
increased wear resistance and surface hardness of 
the case produced ...are the important factors 
governing the selection of your case hardening 
materials. All are insured by the use of R&U 
Cyanides. 
For better results at lower costs we recommend 
these RAH Case Hardening Chemicals 


CYANEGG 
Sodium Cyanide, 96 98° 

CYANIDE CHLORIDE MIIXNTURE 
Sodium Cyanide, 75' 

CYANIDE CHLORIDE MIINTURE 
Sodium Cyanide, 45°: 


R&H CASE HARDENER 


Sodium Cyanide, 30% 


For heat treating and coloring of steel. we have 
available a complete line of RAH Heat Treating 


Salts—all free from sulphur. 


% Ye WRITE FOR LITERATURE AND PRICES 
ROESSLER &HASSLACHER CHEMICAL© 


IiNC ORPOR ATE D 
EMPIRE STATE BUILDING, 350 FIFTH AVENUE 
NEW YORK, N. Y. 
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Reviews of 


recent patents 


By Nelson Littell 
Patent Attorney 
22 East 40. Street 
New York City 


Member A. S. S. 7 


Bearing Alloy, fy John V. O. Palm and 


Edward C. Knuth, Cleveland, assignors to the 
Cleveland Graphite Bronze Co, 1,870,670; June 2. 
his bearing alloy substitutes for Babbitt metal 
but has improved physical qualities at higher tem- 
peratures, and is less expensive. The alloy has 
a lead base with lesser amounts of other metals 
such as cadmium, zinc, and antimony. As zine 
is soluble in lead only to a very slight extent 


cadmium and antimony are used to introduce 


the zine. The crystal size in the grain structure 
can be varied by the rate of cooling as with 


ordinary Babbitts. Hardness is approximately 


the same as Babbitt at low temperatures. At 
elevated temperatures, however, the new alloy 
is materially harder in the ratio of 30 to 47 at a 
temperature approximating 250° F. It also has 
a high elastic limit and a good resistance to 
consists of approximately 


impact. The alloy 


82°) lead, 7! 2‘ 


antimony, and 


cadmium, 7! 


: , 
my Zine. 
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Treating Mill Rolls, by Charles F 
Taunton, Mass., assignor to Union Elect; 
1,797,430; March 24. 
mill 


drawing, since the rolls are often too har 


Corp., Pittsburgh. 


fhe hardness of rolls is reduc 


the usual hardening process. Becauss 


roll’s size there is a substantial temp: 


gradient in the oil bath and frequently im) 
tempering results. In the present invent 
shallow tank is provided with a suitable h 
element and a shaft is mounted above th: 
from which adjustable slings depend, a: 


As the 


is inserted in the bath it is supported b 


mill roll is carried by such slings. 


slings which are rotatable and thereby ma 


the proper temperature. 


Arc Welding Method, $y) Howard J 
nish, Milwaukee, assignor to A. O. Smith ¢ 
1,807,961; June 2. 

This method of electric are welding has par 


lar application where the seam to be welde: 


of dimensions requiring more than one weld 


rod to complete the weld. As shown in 


figure, the parts / and 2 are to be joined by 





a 
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weld 9 and the rods 4 and 1/0 are both conne¢ 





to the same pole of the generator 6. As 


rod 1/7 is brought near the arcing end of 1 
the resistance 8 is connected in the lead 5, | 
making a difference in potential betwee! 

two rods, the rod 1/0 having the higher pote: 
This permits the removal of the stub 4 as 
are is transferred to the welding rod 1/0. I 

such circumstances the weld may be conti! 
without interference. 


(Continued on Page 104) 
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At this aluminum furnace 


here sO guessing 


Automatic control of burner oil prevents Over- neapolis-Honeywell industrial 


heating and lowers the expenses of melting 


Place— Detroit plant of Aluminum Com- 
pany of America. 

Problem—To control Aluminum pour- 
ing temperatures in an oil fired rever- 
beratory furnace. 

Solution —QOil and primary air is auto- 
matically regulated by a Type V 20-4 
Industrial Motor Valve assembly having 

l inch globe and 6 inch butterfl 
type valves. ‘This is operated from 


a pyrometric controller. ‘These 





motor valves were made by Min- 


neapolis-Honeywell, and a Min 


MINNEAPO!I 


MINNEAPOLIS 
INDUSTRIAL REGULATOR 


HONEYWELL 


T. 1931 





S-HONEYWELL 1} 


control expert cooperated in 
their selection and application. 
What is your problem? If it involves close 
control of temperatures, pressures, liquid 
levels, flows and other factors, you can 
find a profitable solution in Minneapolis 
Honeywell ruggedly built motors, motor 
valves, temperature and pressure con 
trollers. We invite your inquiry. 
MINNEAPOLIS 
REGULATOR 
809 Fourth Ave. So., M 


HONEY WI | 


| 
COMPAN y 





Automatic Temperature 


Control... 


a basic factor in 


Quality Production 


There’s something more than “mere 
coincidence”’ in the fact that metal 
products which enjoy a wide reputa- 
tion for dependability and uniform- 
ity of quality....I INVARIABLY 
are PROCESSED UNDER AUTO.- 
MATICALLY CONTROLLED 
TEMPERATURE CONDITIONS, 


In the manufacture of a nationally 
known line of safety set screws, cap 
screws, wrenches, etc., such control 
is a matter of routine accomplish- 
ment. The Bristol’s Pyrometer Con- 


troller Instrument (a) functions with 
Bristol’s Motor Valve (b) to auto 
matically regulate gas fuel flow as 
necessitated by changes in furnace 
temperatures; while the Recording 
Pyrometer (c) provides a permanent 
chart record of actual temperatures 
held throughout the run. 


Thus each charge receives exactly 
the right treatment without wasté 


of fuel, time or materials. 


To assist in the development of con- 
trol possibilities, or planning of in- 
stallation details, Bristol’s Field Engi- 
neering Service is available, entire! 
without obligation ... For complete 
information write THE BRISTO! 
COMPANY, Waterbury, Conn., 


Bristol’s Branch Office nearest \ 


or 


ul. 


Branch Offices 


AKRON 
BIRMINGHAM 


PHILADELPHIA 
PITTSBURGH 


RY 


Ox, tok A FINCE 


————— 1689 


BOSTON 
NEW YORA 


Las ANE 
SAN FRAN 


y 


DENVER 
ST. LOUIS 


CHICAGO 
DETROTI 





Instruments for Indicating Recording Controlli 
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New! 


a Conveyor Furnace 





equipped with 
Certain Curtain 


STERED U. S. PATENT OFF t 


Atmosphere 
Control 
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Diagram of Certain Curtain Convevor Furnace 
Atmosphere Combustion Chamber 
Convevor Belt 
Nandard Certain Curtain Furnace Showing Controls i eeitteslin Geile D Cte on Coes 
this new furnace is designed for production harden- steel field. Thus you can provide any desired furnace 
ing or heat treating of small parts made of carbon atmosphere and maintain it constantly, eliminating 
or alloy steels. As you see from the diagram, it is scale and other results of improper atmosphere. The 
completely sealed against the entrance of air, pro- variable speed conveyor belt is controlled automati- 
viding LOO’; control of atmosphere. It is sealed at lbs 
ci 
the delivery end by a chute which extends below the 
surface of the quench. It is sealed at the door by our If atmosphere is a problem in your conveyor furnace 
Certain Curtain Atmosphere Control which has met work, here is the solution Send for description 
with such enthusiastic acceptance in the high speed now. 


Write for further details, stating your conveyor furnace needs 


C.&. HAYES. Ine. 


Makers of Electric Furnaces...Established 1905 
129 BAKER ST., PROVIDENCE, R. 1. U.S. A. 


) REPRESENTATIVE CLEVELAND REPRESENTATIVE DETROIT REPRESENTATIVE 
626 W. Washington Blyd t. F. Burke st lard Bank Bld Jam WwW & A Fisher Bldg 
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THE LATEST CONTRIBUTION 
TO THE ART OF METAL WORKING 


“MAXIPRESSING' 


replacing many facing, milling and machining operations 


cg ye “finish machine by pressure’; this is the accomplish- 
ment of the new National Maxipres which marks an 


epoch in reducing finishing costs. 


The definite economy of MAXIPRESSED parts has created 
a widespread interest in this new and improved method 


of finishing. 


We will be glad to advise you of the economies of 


MAXIPRESSING in vour own plant. 


CHAMBERSBURG- NATIONAL 


TIFFIN, OHIO 
DETROIT, 2457 Woodward A 


THE NATIONAL MACHINERY CO. 
TIFFIN, OHIO 


o tty” 
SOME ““MAXIPRESSED” PARTS ty 
Trade Mark 


' 
- 
. 
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AX1P 


Trade Mark Reg. U. S. Pat. OF. 
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Nitriding Method, !) Augusius 2B. Kinczel, Composite Welding Wire, by ( /: 
Beechhurst, N. Y.., assignor lo Electro Metal- Kotcht, ¢ hicago, assignor lo Koro ¢ orp 
lurgical Co. 1,808,355; June 2. gan, Ill, 1,797,289; March 24. 
A method of accelerating nitriding and avoiding This composite welding wire or ros 
the lack of uniformity is covered by this patent. rial provides suitably shaped materials 
This is brought about by using an inert material ferent welding properties which may bi 
in the form of a powder such as powdered car- together, and having been provided 
bon, magnesia, silica, or asbestos, and the narrow slots, they can be forced tog 
method consists in covering the surface to be carry the flux. The welding rod is for 
hardened with such powder, heating at tem- selecting from common stock the typ: 
peratures below 580 C. and heating at said tem- desired and passing it through certain 
perature for about four hours in the presence dies to form a central tongue on one wir 
of ammonia. groove on the other. The tongue and gro: 
of such dimensions that the two rods w 
Welding Arc Stabilizer, )y Aur! Strobel, closely dove-tail, but leave long narrow sli 
Vilwaukee, assignor to A. O. Smith Corp. which the flux is passed. The two rods ai 
1,796,969; March 17. forced together with the flux between. 
This invention stabilizes electric welding ares 
and increases penetrating power so that Hard-Metal Composition, by Samu 
parts may be welded at greater depths than Hoyt, Schenectady, assignor to General I 


Co. 1,805,189; April 28. 
- 





7 this patent describes a hard metal com 


1 tion for cutting tools, particularly a tu 
o cobalt and boron carbide material. A powd 
yO mixture consisting of about 95 grams of 


sten, 5 grams of boron carbide and aly 
‘ams of cobalt are placed in a carbon mold 


j 
Ol 


the composition is then heated to a sint 

















temperature of about 1375 C. under press 











The product formed is very dense and lias 


hardness of about 89 on the Rockwell “A” s 

















with 60 kilogram load. 








Annealing Box, )y George B. Nisbet, | 
land, assignor to the Otis Steel Co., Clev 
1,808,314; June 2. 





normal. The weld rod 7 is connected to one An annealing box for sheet metal which 
source of welding energy and the part 2 to be vides more uniform heating of the contents 
welded is connected to the other source. Con- increased strength and stiffness of the box 
centric to the weld rod and spaced from the tom described. It also prevents the overal 
sume Is a taper coil 3 of electro-conductive ma- ing of the sheets in the top while proj 
terial which rod may be supported by the ring 5 annealing the sheets on the bottom wil 
and suitable post 6. The apex of the taper should warping the box. The sheets are piled o1 
be near the center of the are as shown in dotted allel metal ribs which form the box bo 
lines. Results obtained indicate that a desirable The spaces between these ribs provide flu 
magnetic condition is set up which makes the the passage of gases from beneath the p 
are penetrate much deeper than usual. The sheets and thus the heat is substantially un 
magnetic field apparently stabilizes the are and throughout the entire pile. The outer p 
causes the metal from the weld rod to be pro- of the box is provided with stiffening cor 
jected into a steady stream upon the parts being tions. This box permits good annealing 


united by the operation. (Continued on Page 108) 
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\ wry Carburivzers. 
1200 to 1500 lbs. per 


epending on the 





the work 

















“Not one or two but hundreds... 


... of successful installations, many of which com- 
prise ten or more “American’”’ Carburizers are proving their 
worth to satisfied users today ... This statement holds true 
for the installations made many years ago as it does for the 
later installations. Numerous repeat orders are convincing 
proof. Flexibility, uniformity and economy in operation are 


their outstanding advantages ... Write for booklet. 


— LEADERS TODAY 
WE MAKE 





Automatic Heat Controllers Burners for Electric Lemp Bulb Heat Exchangers, Thermo Sof Metal end Lead Hardening 

Automatic Quenching Tenks Manufacture Syphon Furnaces 

Blowers Carburizing Machines Heating Machines Sweep Reducing Furnaces 

Blowpipes or Blowtorches Carburizing Furnaces, Vertical Melting Furnaces Textile Appliances for Drying 
Hand and Stand Retort Muffle Furneces and Singeing 

Boosters, Gas Cyanide Furnaces Oil-Tempering Furnaces Tube-Heeting Furneces 

Brass Melters Cylindrical Furneces Oven Furnaces Every Type of Ges Blast Burner 

Brazing Furneces and Tables Forges Rivet Heaters Furnace and Heating Machine 

Burners Forges, Glass Bending Soldering lron Heaters for Industriel Uses 








AMERICAN GAS FURNACE COMPANY 


MAIN OFFICE AND WORKS: ELIZABETH, N. J. 
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How To Use 18-8 





during the installation. This system was re- 
placed with properly annealed material and in- 
stalled in such a manner that stresses were 
avoided. At the present time, this installation 
has been in service for two years without any 


evidence of failure. 


Higher Chromium-Nickel Alloys 


for Special Uses 


For special application, another range ol 
composition, namely, carbon under 0.20'., chro- 
mium from 20 to 30°, and nickel from 10 to 
20°¢ is used. These alloys are used for high 
temperature service and are recommended for 
temperatures up to 2,000° F. At 1.2007 F. these 
alloys have from & to 10 times the strength of 
0.10 carbon steel, based upon a l creep in 8 
years, Phe veneral properties of these alloys 


within this range of composition are similar to 








the 18-8 alloy, but the stability of the a 
is greater. 

High chromium-nickel alloys CO! 
minor percentages of tungsten, silicon, 
denum, or titanium are used. The addit 
these metals serves to increase the stab 
the alloy. Increasing the chromium and 
content also serves to increase the stabil 
that it is doubtful whether the additior 
third alloving metal is warranted for a 
to take the place now served by 18-8. 

Additions of silicon are known to in 
the resistance to oxidation and the additi 
tungsten apparently gives greater streng 
high temperatures; for special applica 
such alloys may be of some value. 

Molybdenum, when added in fairly 
percentages to iron, increases its resistal 
sulphuric and hydrochloric acids, but smal 
centages do not have a marked effect 
probable that the increased resistance to 
obtained by the addition of small perce: 
of molybdenum to these chromium-nickel a 
is due primarily to the lowering of the ir 


tent of the alloy. 








The VICKERS HARDNESS TESTING MACHINE 


cases 

Testing ; 

lected as the most 
the hardness, it i 

of the case, whic 


Wead\ring 4UuC 


TERRITORIES OF UNITED STATES 
AGENTS FOR THE VICKERS HARD 
NESS TESTING MACHINE: 


MR. W. T. BITTNER 
330 South Wells Street, Chicago, Ill 


o 
THE RIEHLE BROS TESTING MACH, CO 
1424 N. Ninth St., Philadelphia, Pa 


and the Pk 


CANADA: 
MESSRS. WILLIAMS & WILSON 
84 Inspector Street, Montreal, P. O 


NO STEEL OR ALLOY IS TOO HARD FOR TESTING ON THE VICKERS 
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RE YOU MAKING PROGRESS 
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IN ECONOMY ? 





The fixtures shown above, are made of 
time proven MICHIANA ALLOYS. Design- 


ed for easy loading and unloading, they 


permit of most efficient heat distribution, 


giving perfect service with economy 


Our engineering service is available for 
working out economies through the appli- 
cation of MICHIANA ALLOYS 


to your Metallurgical problems. 














Michiana Products Corporation 


MICHIGAN CITY, INDIANA 
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Arc Welding, by Howard J. Burnish, Mil- 
waukee, assignor to A. O. Smith ¢ orp. 1,810,005; 
June 16. 

This method of are welding relates particu- 
larly to the preliminary tack welding of abut- 
ting edges of sheets to be welded. The abutting 
edges are tack welded by striking an are be- 
tween the sheets and the weld rod thus filling 
the opening with welding material under which 
is placed a chill member. After the tack welds 
have been made the are is struck between the 
chamfered edges and the weld rod, a suflicient 
number of passes are made along the groove to 
fill it with molten welding metal. The tack 
welds do not interfere with the passage of the 
weld rod and the weld rod will therefore re- 
quire a minimum regulation and a more uni- 


form weld will be produced. 


Sand Core Binder, |) Albert Stahn, Han- 
over, Germany. 1,802,681; April 28. 

This binder is for cores for metal casting 
molds which consist of pure quartz sand, and 
which are dried independently of the mold. 
Normally pure quartz cores could not be made 
because of the want of a suitable binder and the 
present binder possesses the property of impart- 
ing to the core such initial strength that the core 
will withstand deformation when dried or burnt 
in the kiln. The binding mixture contains from 
30 to 70 parts of sufite liquor and 70 to 30 parts 
of stearin pitch. Such a mixture is almost 


plastic. 


Alloy, by Richard R. Waller, Starnberg, Ger- 
many. 1,811,008; June 23. 

This invention relates to alloys of tungsten 
carbide for high speed tool steel cutting. In 
order to prevent softening during sintering cer- 
tain metal powders have been added, but such 
materials may have an objectionable effect as it 
is essential that the materials be held firmly and 
with great cohesive tenacity. The patentee de- 
scribes the limitations of 5‘ and 30° of these 
auxiliary materials, and it was found that an 
azotized tungsten carbide or tungsten carbon- 
nitride would increase the mechanical strength. 
A preferred formula is as follows: 78‘: azotized 
tungsten carbide; 11‘¢ cobalt; 11‘¢ tungsten and 
67% tungsten carbide; 5‘c carbonitride; 18% 


tungsten; 8° cobalt; 2°« chromium carbide. 
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Aluminum Solder, by [rederic 

New York. 1,812,567; June 30. 

This solder is solid, corrosion-proof, 
to apply and relatively inexpensive. It 
ticularly advantageous in airplane and 
soldering as it is corrosion proof and it 
the necessity of paint or lacquer. The « 
tion of the soldering alioy is zinc, 10' 
bismuth, 3°. to 8%; aluminum 7‘e t 
copper 2° to O°: ; and the remainder ti 
melting point of the solder is about 220 

is formed by first melting the aluminu 

it shows a rose color. Copper is then 
under light stirring and the remaining i: 
ents are added in order of their melting poi 
namely, bismuth, copper, tin, and zinc. | 
single metal component must, however: 
added during continuous stirring of the « 
mass. Graphite crucibles are best suited 


melting vessels. 


Bearing Metal, by Rober! Jay Shoem 
Chicago, assignor to 8S. & T. Metal Co. 1,808, 
June 9. 

The lead alloy covered by this patent 
hard, tough, and rigid and may be alloyed wit! 
calcium and tin. Such products alone, however, 
are objectionable because of the crystallizatior 
and in the present invention certain secondar 
hardeners, namely, magnesium, potassium, 
lithium, are added. A typical composition con- 
tains the following substances: calcium, 0.5 


; 
{ 


to 1‘. 3 tin, 0.5% to 2%; aluminum, 0.02 
0.1°¢; and metals from the group consisting of 
magnesium, potassium, and lithium, 0.02‘: and 


0.22'7; together with lead to make up 100 


Jewelry Alloy, by Harry Klausmann, Mapli 
wood, and Henry R. Kiepe, Newark, N. J., a 
signors lo Baker & Co. 1,797,236; March 2' 

This is an alloy of palladium = and_ othe! 


metals of the palladium group which is harde! 


than palladium and which has a better color 


The alloy is for use in the jewelery art and al- 


lied arts, and consists of an alloy of palladium, 
rhodium and ruthenium. The increase in th 
rhodium increases the whiteness or brilliancy 0 
the alloy and an increase of ruthenium increases 
the hardness or wearing qualities. The pre 
ferred alloy comprises substantially 95‘¢ pal- 


ladium, 3‘¢ rhodium, and 2‘. ruthenium. 
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